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Frotsidoiu 3 . Ft. 2. 1872 ( ‘><1 of print) ppricc 1 Re.) : ltkhun Coal-field.- 
Daltonganj Coal-field.- Chope Cod-held. 

Vol, IX. Ft. ), JS72 (puce 4 Rs.) : Geolog.- of Kutch. Ft. 2, 1872 (price 1 Re.). 

Geology ot Nagpur.— Guofe— A Snban 11 ill.— i Carboniferous Ammo- 
nites. 

Voj,. X. Ft. 1, 1873 ( price 3 Kb.) : Geology of Madias.— Satpura Coal-basin. Pt. 2 

1873 (out of print) (pike 2 Rs.) : Geology" of Fegu. 

Vol. XL Ft. 1, 1871 (pria 2 Rs.) : Geology of Darjiling and Western Dooais. pt. 2 

1876 (pi tee 3 Rs.) : Salt region of Koluit, Tians-fndus. ' 

Vol. XII. Ft. 1, 187G (pi ire. 3 Rs.) . South Mahrhtta Country. Ft. 2 1876 tmu* 

2 Rb.) : Coubfiolds of Nagn Hills. * i 

• 

Vol. Xlll. Ft. 1, 1877 (prut 2 Rs. 8 As.): Wardhu Valley Coal-field. Ft. 2 1877 

(price 2 Rs. 8 As.); Geology of ItejmahAl Huls. 



Vol. XIV. 1878 ( price 5 Rs.) : Geology of Salt-range in Punjab. 

Vol. XV. Pt. 1, 1878 (ovt of print) ( price 2 Rs. 8 As.) : Aurunpa and Hu tar Coal-fields 

(Palamow). Pt. 2, 1880 (pi ice 2 Rs. 8 As.): Ramkoln and Tataparii 
Coal- Holds (Sirguja). 

Vol. XVI. Pt. 1. 1879, llep. 1930 ( price 3 Its.) : Geology of Eastern Coast from Lat. 

15° to Masulipatam. Pt. 2, 1880, Rop. 1930 (price 2 Rs.) : Nelloro 
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Bunn i. and its technical exploitation. 

Vol. XXVIII. Pt. 1, 1898 (out of print) (puce 2 Rs.) : Geological Strut ture of CliitieluiD 

region.- -Allah bund in north-uont of Ranri of Kuchli .— Geology of parts 
ot Myingyan, Mugwo and Pakokku Districts, Burma.- Geology of M’kir 
Hills in Assam.— Geology of Tirah and Bazar Valloy. Pt. 2, 1900 (puce 
3 Rs.) : CliMiiockite Serins, grtnip of Archaan Hypersthenic Rocks in 
Peninsular India. 

Vol. XXIX. 1900 (price 5 Rs.) : Earthquake ot 12th dune 1897. 

Vol. XXX. Pt. 1, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of ] 2th Juno 

1897. Pt. 2, 1900 (pure 1 Re ) : Geology of neighbourhood of Salem. 
Madras Presidency. Pt.. 3, 1901 (price 1 Re.) : Sivanialai Series of 
Epseolite-Sycnites and Corundum Syenites. Pt. 4, 1901 (price l Re.): 
GeologicnlOongTeRS of Paris. 

Vol. XXXT. Tt, 1, 1901 {out of print) (price 2 Rs.) : Geology ol Son Valley in Rewah 
State and Parts of Jabalpur and Mirzapur. Pt. 2, 1901 (ovt of print) 
(price 3 Rs.) : Baluchistan Desert and part of Eastern Persia/ Pt. 3. 
1901 ( price 1 Ro.) : Peridotites, Serpentines, etc., from Ladskh. 
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“ Exotic Blocks ” of Malla Johar in Bhot Mahals of Kumaon. Pt. 4, 
1904 (out of print ) (pries 3 ft*.) : Jammu Coal-fields. 


Pt. I, 1901 (price 8 Rs.) : Kolar Gold-field. Pt. 2, 1901 (price 2 Its.) : Art. 
1 : Gold-fields of WuinAd. Art. 2 : Auriferous Quartzites ot Parhadian, 
Chota Nagpur. Art. 3 : Auriferous localities in North Coimbatore. 
Pt. 3, 1902 (pi tec 1 lte.) : Geology of Kalahandi State, Central Provinces. 


Pt. 3, 1901 1 lte.): Peculiar form of altered Peridotite in Mysore 

Stato. Pt. 2, 1902 (out of print) (price 3 Rs.) : Mica deposits of India. 
Pt. 3, 1903 (puce. 1 Re.) : Saudliills of Clifton near Karachi. Pt. 4, 1908 
(out of print) (ynce. 4 Us.) : Geology ot orsian Gulf and adjoining portions 
of Persia and Arabia. 


pt. 1, 1902 (oft of print) ( price. 2 Its.): Goology of Western ftajputana. 
Pt. 2. 1903 (pi tie 1 Re.) : Aftershocks of Great Earthquako of 12th June 
1897. Pt. 3, 1904, Rep. 1934 ( price 1 lie. 14 As.) : Seismic phenomena in 
British India, and their connection with its Goology. Pt>. 4, 1911 (price 
1 Ro.) : Geology* of Andaman Islands, with reference to Nicobars. 
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and Adjacent Districts. Pt. 2, 1922 (price 3 Rs.) : Gwalior and Vindhyan 
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Pt. 1, 1920 (puce 3 Rs.) : Srimangal Eaithquako of 8th July 1918. Pt. 2, 
1926 (price 2 Rs.) : The Cutch (Kachh) Earthquake of 10th June 1819 
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Pt. 1, 1920 (price 3 Its.) : Mines and Mineral Resources of Yunnan. Pt. 2, 
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PALEONTOLOGIA INDICA. 


(Sub. I, III, V, VI, V III).— CRETACEOUS FAUNA OF SOUTHERN INDIA, t>y 
F. STOUCZKA, except Vol. I, Ft. I, by H. F BLANFORD. 

Sib. 1 & III.— Vol. I. The Cephalopoda (1801-65), pp. 210, pis. 94 (0 double) (out of 
print). 

V.— Vol. IT. The Gustropoda (1867-68), pp. xiii, 500, pis. 28 ( out of print). 

VI.— Vol. III. The Pelocypoda (1870-71), pp. xxii, 537, pis. 60* 

VIII. — Vul. IV. The Bntchiopoda, Ciliopoda, Echinodermata, Corals, etc. (1872- 
73), pp. v, 202, pis. 29. 


(Sib. II, XI, XU.)— THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by O. 
FEISTMANTEL, except Vol. I, Ft. 1, by T. OLDHAM and J. MORRIS. 

Vol. I, pp. xviii, 233, pis. 72, 1863-79. Pt. 1 ( out of print ) : Kajmahal Group, RAjmahAl 
Hill. Pt. 2 : The same ( coniinved ). Pt. 3 : Plants from Golapilli. Pt. 
4 : Outliers on the Madras Coast. 

Vol. II, pp. xli, 116, pis. 20, 187G-78. Pt. 1 ; Jurassic Flora of Rath. Pt. 2 : Floia of the 
Jabalpur group. 

Vol. Ill, pp. xi, 64+149, pis. 80 (9 double) (I-XXXI+IA-XLV1IA). 1879-81. Pt. 1 : 

The Flora of the Talchir-Karharhari beds. Pt. 2 : Tho Flora of the 
Damuda and Panchet Divisions. Pt. 3 : The mine, ( concluded ). 

Vol. IV, pp. xxv i, 25+60, pis. 35 (2 double) (I-XXI+IA-XIVA). Pt. I (1882) (out of print) : 

FoseilFlora of the South Rewah Gondwana basin Pt. 2 (1886) : Fossil 
Flora of some of the coal-fields in Western Bengal. 


Vol. 1, (1873-7C). 
Vol. II, pt. 1 (1893). 
Vol. II, pt. 2 (1900). 
Vol. Ill, pt. 1 (1900). 
Vol. Ill, pt. 2 (1903). 


(See. IX.)— JURASSIC FAUNA OF KUTCH. 

Tho Cephalopoda, pp, i, 247, pis. 60 (6 double), by W. Waagen. 

The Eehinoidea of Kaeh, pp. 12, pis. 2, by J. W. Gregory (out of print). 
The Corals, pp, 196, 1-1X, pis. 26, by J. W. Gregory. 

The Braehiopods, pp. 87, pis. 15, by F. L. Kitcmijn. 

Lainollibranchiata : Genus Trigonia, pp. 122, pis. 10, by F. L. Kitohie. 


(See. IV.)— INDIAN PR H-TERTIAK Y VEKTEBRATA. 

Vo U I, pj>. vi, 137, pis. 26 1805-S5. Pt. I (:805) : The Vortobrate Fossils fiom tho Panchet 

rocks, by T. H. Huxley. Pt. 2 (1878) : The Vertebrate Fossils of tho 
Kota-Malori Group, by Sjr V. de M. Gkjsy Eoeeto^, L. C. Miall, 
and W. T. Blauforu. !'< 3 (1879): Reptilia and Batrachia, by 

R. Lydfxxeu. Pt. 4 (1885) (out of print) : The Labyrinthodont from the 
Bijori group, by R. Lydekkee. Pt. 6 (1885) (out of print ) : Tho Reptilia 
and Amphibia of the Maleri and Donwa groups, by R. Lydeekee. 


(Si a* X.)— INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by R. 

LYDEKKER, except Vol. 1, Pt. 1, by R. B. FOOTE. 

Vol. I, pp. xxx, 300, pis. 50. 1874-80. Pi. 1 : Rhinoceros deccanensis. Pt. 2 : Molar teeth 
and other remains of Mammalia. Pt. 3 : Crania of Ruminants. Pt. 4 : 
Supplement to Pt. 3. Pt. 5 : Siwalik and Narbada Proboscidia. 

VOL. II, pp. xv, 363, pis. 45. 1881-84. Pt. 1 : Siwalik Rbinocerotidae. Pt. 2 : Supplement 
to Siwalik and Narbada Proboscidia. Pt. 3 : Siwalik and Narbada 
Equidffl. Pt. 4 : Siwalik Camelopard alidee. Pt. 5 : Siwalik Selenodont 
Sum*, etc. Pt. 6 ; Siwalik and Narbada Carnivora. 
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Voit. IXI» pp. xxiv, 264 , pis. 38. 1884*86. Pfc. 1 ( out of print ) : Additional Siwalik Perissodac- 
tyla and Proboscidia. Pt. 2 [out of print ) : Siwalik and Narbada 
Bunodont Suina. Pfc. 3 (out of print ) : Rodents and new Ruminants 
from the Siwaliks. Pt. 4 [out of print ) : Siwalik Birds. Pt. 6 {out of 
print) : Mastodon Teeth from Perim Island. Pt. 8 (out of print) : 
Siwalik and Narbada Cheloniu. Pfc. 7 (out of print) : Siwalik Crocodilia, 
Lacertilia and Ophidia. Pt. 8 ( out of print) : Tertiary Pishes. 

Vol. IV, pt. 1 (out of print), 1886, pp. 18, pis. 6. Siwalik Mammalia (Snpplement). 

Vol. IV, pt. 2 ( out of print), 1886, pp. 40 (19*58), pis. 5 (vii-xi). The Fauna of the Kainal 
caves (and addendum to pt. 1). 

Vol. IV 7 , pt. 3 (out of print), 1887, pp. 7 (59-65), pis. 2 (xii*xiii). J£ocono Chelonia from the 
Salt-range. 


(Sub. VII, XIV.)— TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCEY SLADEN, except Pr. 1. by F. 
STOLICZKA. 

Vol. I, pp. 16+1104-382 1-91=599, pis. 5 + 28 + 58 + 13- 104. 1871-85. Pt. 1 (out of print): 

Tertiary Crabs from Sind and Kaeh. Pt. 1 (new 2) : Sind Fossil Corals 
aud Alcyonaria ; by P. Martin Dud can. Pfc. 3 : The Fossil Echinoidea 
of Sind : Fas. 1 , The Cardita beaumonti bods ; Fas. 2, The Ramkot 
Series in Western Sind : Fas. 3, The Kliirthar Series ; Fas. 4 , The Nari 
(Oligocone) Series ; Fas. 5, The Gaj (Miocene) Serios : Fas. 6, Tho Makr&n 
(Pliocono) Serios ; by Duncan and Sladen. Pfc. 4 : Tho Fossil Echmoidea 
of Kach and Kattywar ; by Duncan, Sladen and Blanford. 


(Skb. XIII.)— SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Pa.D. 


Produotus-Limestono Group : Vol. I pt. 1 (1879). 

“ (1880), 


Pisces, Cephalopoda, pp. 72, pis. 6. 

„ „ „ „ 2 (1880). Gastropoda and supplement to pt. 1, pp. 11 1 

(73-183), pis. 10 (1 double), (vii-xvi). 

„ „ „ „ 3 (1881). Pelocypoda, pp. 144 (185-328), pis. 8 

(xvii-xxiv). 

„ „ „ „ 4 (1882-85). Braohiopoda, pp. 442 (329-770), pis. 

62 (xxv-lxxxvi). 

„ „ „ „ 5 (1886). Bryozoa-Aiinelidw-Ecbinodermata, jjp. 64 

(771-834), pis. 10 (lxxxvii-xcvi). 

„ „ „ „ 6 (1886). Coolenterata, pp. 90 (835-924), pis. 20 

(xcvii-cxvi). 

„ „ „ „ 7 (1887). Ccelonterata, Protozoa, pp. 71 (925-998), 

pis. 12 (cxvii-exxviii). 

Fossils from the Coratito Formation: Vol. II, pt. 1 ^1895). Fisoes-Animononloa, pp. 324, 
pis. 40 (out of print). 

Geological Results : Vol. IV, pfc. 1 (1889), pp. 1-88, pis. 4 (oaf. of print). 

„ ' „ „ „ 2 (1891), pp. 89-242, pis. 8 (out of punt). 


(Skr. XV.) -HIMALAYAN FOSSILS. 

Upi>er-fcrittsaic and lmssio faunas of the exotic blocks of Malla Johar in tho Bhot Mahals ot 
Kumaon : Vol. I, pt. 1 (1908), pp. 100, pis. 16 (1 double), by Dr. O. Diener. 

Anthracolithic Fossils of Kashmir and Spiti : Vol. I, pt. 2 (1899), pp. 96, pis. 8, by Dr, C. Dienor. 

The Perraocarboniferous Fauna of Chitichun No. 1 : Vol. I, pt. 3 (1897), pp. 105, pis. 13, by 
Dr. C. Dienor. 

Tho Permian Fossils of the Productus Shales of Kumaou and Gurbwal : Vol. I, pt. 4 (1897), 
pp. 54, pis. 5, by Dr. C. Diener. 

The Permian Fossils of the Central Himalayas : Vol. I, pt. 5 (1903), pp. 204, pis. 10, by Dr. C. 
Dioner. 

The Cephalopoda of the Lower Trias : Vol. II, pt. 1 (1897), pp. 182, pis. 23, by Dr. C. Dienor. 

The Cephalopoda of the Musoheysalk : Vol. II, pt. 2 (1895), pp. 118, pis. 31, by Dr. 0. Dienor. 

Upper Triassio Cephalopoda Faume of the Himalaya : Vol. Ill, pt. 1 (1899), pp. 167, pis. 22, by 
Dr. E. von Moisisovics. 

Trias Braohiopoda and Lamellibranchiata ; Vol. Ill, pt. 2 (1899), pp. 76, pis, 12 (2 double), 
by Alexander Bittner. 
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The Fanna of the Spiti Shales : Vol. IV. Cephalopoda : Fast*. 1 (1903), pp. 132, pis. 18 ; Fuse. 
2 (1910), pp. 133-300, pis. 47 (2 double) ; Fasc. 3 (1910), pp. 307-395, pis. 32; by Dr. V. 
Uhlig. Lamollibranchi&la and Gastropoda : Fasc. 4 (1913), pp. 397-466, pis. 7 ; by Dr. 
K. Ifoldhuus. Additional Notes on tho Fauna of the Spiti Shales: Faso. 6 (1914), pp. 
457-51 1, pis. 4 ; by Mins Paula Steiger, Ph.D. 

The Fauna of iho Tropiins Limestone of By ana : Vol. V, Memoir No. 1 (1900), pp. 201, pis. 17 
(1 double), by Dr. C. Dinner. 

The Fauna of tho Himalayan Muse holhalk : Vol. V, Memoir No. 2 (1007), pp. 140, pis. 17 (2 
double), by Dr. C. Dioner. 

Ladinic, Can lie, and Noi it* fauna* ot Spiti : Vol. V, Memoir No. 3 (1908), pp. 157, plB. 24 (3 double), 
by Dr. C. Dinner. 

Lower Trmssic Cephalopoda from Spiti, Mallu Johur and Bynns : Vol. VI, Memoir No. 1 (1909), 
pp- 180, pK 31, by Drs A. von Kraft and C. Diener. 

Tbe Fauna of th« Traumatoc rinus Limestone of Painkhanda ; Vol. VI, Memoir No. 2 (1909). 
pp. 39, pis. 5, bv Dr. C. Diener. 

The Cambrian Fossils of Spiti : Vol. VII, Memoir No. I (1910), pp. 70, pis. 6, by F. It. C. Reed. 
Ordovician and Silurian fossils from the Central Himalayas : Vol. VII, Memoir No. 2 (1912), 
pj*. 168, pis. 20. by F. R. C. Road. 


(Skit. XVI.)— BALUCHISTAN FOSSILS, by FRITZ NOETLTNG. Ph.D., F.C.S. 

Tlie Fauna of too Kollawayu of Muzar l>rik : Vol. I, pt. 1 (1895), pp. 22, pis. 13 (out of print.) 

Tho Fauna of tho (Neocomian) Rolemnito Beds : Vol. 1. pt. 2 (1897), pp. 6, pis. 2 (out of print). 
Tho Fauna of tbe Upper Cretaceous (Maiistru htion) Bods of the Mari Hills : Vol, I, pt. 3 (1897), 
pp. 79, pis 23 (out of print). 

The prieo fixed lor these publications is four annas per single plate, with a minimum charge 
of Re. 1. 


(NEW S ERIKS.) 

The Cambium Fauna of tho Eastern Salt-range: Vol. I, Momoir 1 (1899), pp. 14, pi. 1, by Tv. 
Redlieh. Price 1 P»e. 

Notes on tbe Morphology of the Pelecvpoda • Vol. I, Memoir 2 (1899), pp. 58, pis. 4, by Dr. Fritz 
Nootluig. Price 1 Ro. 4 As. 

Fauna of the Miocene Bods of Burma: Vol. T, Memoir 3 (1901), pp. 378, plB. 25, by Dr. Fritz 
Noel ling. Price 6 Ra. 4 As ('*»/< of print). 

Observations sur quelqucs Plantes Foasiios des Cower Gondwnnas : Vol II, Memoir 1 (1902), 
pp. 39, pis. 7, by R. Zoillor. Prieo 1 Re 12 As. 

Penn o- Carboniferous Plants and Voitobralos from Kashmir- Vo 1 . Jl, Memoir 2 (1905), 
pp. 13, pis. 3, by A. C. Reward and Dr. A. Smith Woodward. Price 1 Re. 

The Lower Pu1a»ozoic Fossils of the Noi thorn Shan Stales Uppor Burma : Voi IT, Memoir 
No. 3 (1906), pp. 164, pis. 8, In F. R. C. Ileeo. Price 2 Rb. 

The Funna of tho Napeng Beds or the Rhaelic Beds ol Upper Burma : Vol. JI, Memoir No. 4 
(1908), pp. 88, pis. 9. by Miso M. Healey. Price 2 Pj. 4 As. 

The Devonian Faunas of tho Northern Shan States. Vol. IT, Momoir No. 5 (1908), np 1 83, 
pis. 20, by F. R. C. Reed. Price 5 Rs. 

Tho Molhisca of tbo Ranikot Rories : Vol. Ill, Memoir No. 1 (1909), pp. xix, 83, pis. 8. by M. 
Cossraann and G. Pissarro. Introduction by E. \V. Vredonburg. lh ice 2 Rs. 

Tho Bracliiopoda of tho Nnmy&u Bods, Northern Shan States, Burma. Vol. HI. Momoir No. 2 
(1917), pp. 254, pis. 21, by S. R. Buckman. Price 5 Rs. 4 As 

On some Fish remains from tho Bods ol Dongargaon, Contral Provinces : Vol. Ill, Momoir 
No. 3 (1908), pp. 6, pi. 1. hy Dr. A. Smith Woodward. Price 1 Re. 

Anthracolithio Fossils of tho Shan States : Vol. Ill, Memoii No. 4 (1911), pp. 74. pis. 7, by Dr. 
0. Diener. Prim 1 Re. 12 As. (out of j/rint). , 

Tho Fossil Giraffid» of India : Vol. IV. Memoir No. 1 (191 1 ), pp. 29, pis. 5, by Dr. G. F. Pilgrim, 
Price l Re. 4 As, 

Tbe Vertebrate Fauna of the Gaj Series in tho Bugti Hills and tho Punjab : Vol. IV, Momoir 
No. 2 (1912), pp. 83, pis. 30 and map, by Dr. G. E. Pilgrim. Price 8 Rs. 

8 



I»oww Gondwana Plants from the Golabgarh Pass, Kashmir : Vol. IV, Memoir No, 3 (1912\ 
pp. 10, pis. 3, by A. C. Seward. Prico 1 JRe. 

Mesozoic Plants from Afghanistan and Afghan -Ttirhia tan : Vol. IV, Memoir No. 4 (1012), 
pp. 57, pis. 7, by A. C. Seward. Price 1 Re. 12 As. 

Triossio Fauna of Kashmir: Vol. V, Memoir No. 1 (1013), pp. 133, pis. 13, by J)r. C. Dionpr. 
Prico 3 Rs. 4 As. 

The Anthraeolithic Fauna: of Kashmir, Kanaur and Spiti : Vol. V, Memoir No. 2 (1015), pp. 135, 
pis. 11, by Dr. C. Dienor. Prico 2 Rs, 12 As. 

Lo Cr6tac6 ot l’Eocfcne du Tibet Central : Vol. V, Memoir No. 3 ( 1916), pp. 52, pis. 16, by Prof. 
Henri DouvilJe. Price 4 Rs. 

Supplementary Memoir on Now Ordovician and Silurian fossils from the Northern Slmn States : 
Vol. VI, Memoir No. I (1915), pp. 98, pis. 12, by F. R. O. Rood. Price 3 Rs. 

Dovonian Fossils from Chitral and the Pamirs : Vol. VI, Momoir No. 2 (1922), pp. 136, pis. 16, 
by F. R. C. Rood. Price 4 Its. 

Ordovician and Silurian Fossils from Yunnan : Vol. VI, Memoir No. 3 (1917), pp. 30, pis. 8, by 
V. R. C. Rood. Prico 2 Rs. 

Upper Carboniferous Fossils from Chitral and the Pamirs : Vol. VI, Memoir No. 4 (1925), pp. 
134, pis. 10, by F. It. C. Reed. Price 9 Its. 13 As. 

Indian Gondwana Plants. A Provision : Vol. VJT, Memoir No. 1 (1920), pp. 41, pis. 7, by A. C. 
Seward and B. Salmi. Price 1 Re. 12 As. 

The Lamollibranchiata of the Eocene of Burma : Vol. VII, Memoir No. 2 (1923), pp. 24, pis. 7, 
by Dr. G. de P. Cotter. Price 3 Rs. 10 As. 

A Roviow of the Genus (Jieorlia with descriptions ol soveral spi cios . Vol. VII, Memoir No. 3 
(1926), pp. 78, pis. 32, by E. Vrodonburg. Prico 10 Rs. 5 As. 

All incomplete skull of Dinothenum with notes on the Indian founs , Vol. VI f, Memoir No. 4 
(1924), pp. 13, pis. 3, by R. W. Palmer. Prico 1 Re. 2 Ah. 

Contributions to the Palaeontology of Assam : Vol. Mil, Memoir No. I (1923), pp. 71, pis. 4, l*v 
Erich Spongier. Prico 5 Rs. 

The Autliiacothojiidto of the Dora Uugti deposits m Baluchistan : Vol. VIII, Memoir No 2 
(1921), pp- 59, pis. 7, by C. Forster Coopor. Prito 4 Rs. 

The Penssodaotyla of the Eocene of Burma : Vol. VIII, Momoir No. 3 (1925), pp. 28, pis. 2 
by Dr. U. E. Pilgrim. Price 1 Ko. 9 As. 

The Fossil Suida: m India : Vol. VIII, Memoir No. 4 ( 1926), pp. tm, pis. 20, by J)r, 0. E. Pilgrim 
Price 1 1 Rs. 12 As. 

On the Bluhe Collection oi Ammonites from Kuchli * Vn|. IX, Meroon No. 1 (1924), 
pp. 29, by L. F. Spath. Prico 12 As. 

Revision of the Jurassic Cophalopod Fauna of KacLh (Cutch) : Vol. IN, Memoir No. 2. Part J 
(1 927), pp. 71, pis. 1-7, price 4 Rs. 12 As. : Part II (1928), pp. 73-161, pin. 8-19, price 7 Rs 
14 As. : Part 1L1 (1928), pp. 163-278, pis. 20 17. price 16 Ra. 4 As. : Part IV (1931) pp 
279-550, p’s. 48-102, price 34 Rs. 12 As.: Part V (1931), pp. 551-658, pis. 103-121, price 
12 Rs. JL4 As. : Port VT (1933), pp. i-vii, pp. 659-945, pie. 125-130, put n 13 R a . g As • bv 
L. F. .path. 

Paleozoic and Mesozoic Fcseils from Yunnan : Vol. X, Almnou No. 1 (1927), pp. 29J, plu. 20 
by F. It. C. Rood. Frico 20 Rs. 9 As. 

The Mollueca of the Ramkot Series (together with sumo species horn the Cardita Beaumonti 
Bods) : Vol. X, Momoir No. 2 (1927), pp. 31, pis. 4, by M. Cossmann, and G. Pisarro, revised 
by the lalo Mr. E. Vredenburg, with an introduction and editorial notcB by Dr. G. do 1*. 
Cotter. Price 2 Rs. 6 As. 

Les Couches h Cardita Beaumonti : Vol. X, Memoir No. 3. Los Couches a Cardita Beaumonti 
dans le B61ouchiatan : Fasc. I (1928), pp. 25, pis. 4, price 2 Rs. 12 As. : Los Couches a 
Cardita Beaumonti dans lo Sind ; Fasc, II (1929), pp. 27-73, pis. 5-1 1, pine 4 Rs. 8 As. ; 
by Prof. Henri DouvilM. 

A Supplement to the Mollusca of the Ranikot, Series: Vol. X, Memoir No. 4 (1928), pp. 75, 
pis. 9, by tho late E. W. Vrodonburg, edited with notes by Dr. (J. do i\ Cotter. Pruc 
6 Rs. 12 As. 

Revisions of Indian FosBil Plants: Vol. XI. Comfeialos (a. Impressions and Incrustations) : 
Part I (1928), pp. 1-49, pie. 1-6, price 3 Rh. 12 As. : Coniff rales (b. Petrifactions) : Part li 
(1931), pp. 51-124, pis. 7-16, prico 7 Ils. 6 As. : by Prof. B. Sahni. 

The Fauna of the Agglomeratic Slato Series of Kashmir: Vol. XIL (1928), pp. 42, pis, 8, by 
the late H. S. Bion, with an Introductory Chapter by C. S. MiddJotniss. Price 6 Rs. 8 As, 
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The Artiodactvlft of the Eocene of Burma : Vol. XIII ( 1928), pp. 39, pis. 4, by Dr. G. E. Pilgrim. 
Price 3 R*b. 12 Aa. 

A Sivapjtbecua Palate and othor Primate Fossils from India: Vol. XIV (1927), pp, 24, pi. 1, 
by Dr. G. E. Pilgrim. Price 1 Be. 8 As. 

The Fossil Fauna of the Samana Rango and somo Neighbouring Areas : Vol. XV, An Intro- 
ductory Nolo : Part I (1930), pp. 15, pis. 1-4, price 1 Re. 4 As.; by Lt.-Col, L. M. Davies, 
R.A., F.G.S. The Albian Echinoidea : Part II (1930), pp. 17-23, pi. 4a, price 12 As.; 
by Ethel D. Currie, IJ.Sc., Ph.J)., F.G.S. The Brachiopoda *. Part III (1930), pp. 25-37, 
pis. 5-6, ju ice 1 Re. 4 As. ; by Helen Marguerite Muir-Wood, M.Sc., F.G.S. Lower Albian 
Gastropoda and Lnmelli branch h : Part IV (1930), pp. 39-49, pi. 7, price 14 As. ; by L. R. 
Cox, M.A., F.G.S. The Lower Cretaceous Ammonoidea ; with Notes on Albian Cephalo- 
jKidii from Hazara : Part V (1930). pp. 51-60, pis. 8-9, price 1 Bo. 6 As. ; by L. F. Spath, 
DSc. F.G.S. The P.ihcocene Foraminifera : Part VI (1930)* pj». 07-79, pi, 10, price 
14 As.; by Lt.-Col. L. M. Davies, R.A., F.G.S. The I wer Eocene Corals; Part VII 
(1930), pp. 81-128, pis. 11-16, price 3 Rs. 14 As. ; by J. W. Gftgory, LL.D., D.Sc., F.R.S. 
The Mollusca of the Haugn Shales : Part VIU (1930), pp. 129-222, pis. 17-22, price 4 Rb. 
14 As. ; by L. R. Cox, M.A., F.G.S. 

Upper Carboniferous Fossils from Tibet; Vol. XVI (1930), pp. 37, pis. 4, by F. R. C. Reod. 
Trice 3 Rs. 0 As. 

New Fossils from tbe Productus Limestones of the Salt Range, with notes on other species ; 

Vol. XVII (1931), pp. 58, pis. 8, by V. R. C. Rood. Price 5 Rb. 0 As. 

The Fossil Carnivora of India : Vol. XVIII (1932), pp. 232, pis. 10. by Dr. G. K. Pilgrim, Price 
13 Rs. 12 As. 

Upper Carbonifeious Fossils fiom Afghanistan : Vol. XIX (1931), jip. 39, pis. 4, by F. R. C. 
Reed. Price 3 Rs. 10 As. 

Now Fossils from tbe Agglommtic Plate of Kashmir : Vol. XX, Memoir No. 1 (1032), pj>. 79, 
pis. 12, by F. R. C. Reed. Price 8 Rs. 4 As. 

Homnxylon rojmnbalonso. gen. et up. nov., a fossil angiospeimous wood, devoid of vessels 
from the Rajmabal Hills, Rebar : Vol XX, Memoir No. 2 (1932), j»p. 19, pis. 2, by Prof. 
R. Salmi. Price 1 Re. 12 As 

A iiotnfiod Wilha in soma (W. sewarduma, sp. nov.) from tbe Rajmahal Hills, India : Vol. XX, 
Memoir No. 3 (1932), pp. 19, }>Js. 3, by Prof. 1J. Sahni. Price 2 Rs. 2 As. 

Tlio Jurassic and Cretaceous Ammonites and Belomnites of tho Attack District : Vol. XX, 
Memoir No. 4 (1934), pp. 39, pis. 6, by L. F. Spath. Price 4 Rs. 

The Tnobhic, Jurassic and Crctacoims Gastropoda and Lamellibram ilia of tho Atlock District, 
Vol. XX, Memoir No. 5 (1935), pp. 27, pis. 2, by L. R. Cox. Price l Up. 14 As. 

Tho Mesozoic Brachiopoda of the Attack District : Vol. XX, Memoir No. 6, (1937), pp. 34, 
pi, 1, by Helen M. Muir-Wood. Price 2 Rs. 2 As 
The Cretaceous Sauiischia ami Ornilhischia of the ('mitral Pioxincea of India: Vol. XXI, 
Memoir No. 1 (1933), pp. 74, pis. 21, by Prof. Friodnch Baron \ou Iluono and Dr. C. A. 
Matloy. Price 13 Rs. 8 As. 

Cambrian and' Ordovician Fossils from Kashmir : Vol. XXT, Memoir No. 2 (1934), pp. 38, pJs. 2, 
by F. It. C. Reed. Price 2 Rs. 8 As. 

Tho Lower Palaeozoic. Faunas of the Southern Shan States • Vol. XXI, Memoir No. 3 (1936), 
pp. 130, pis. 7, by F. It. C. Rood. Price 7 Rs. 10 As, 

Fossil Alg'e from tho Uppermost. Cretaceous beds (the Niniyur group) of the J^richinopoly 
District, S. India : Vol. XXI. Memoir No. 4 (1936), pp. 49, pis. 6, by PrcM. I„ Rama 
Jiao and Juhus Pia. Pnoe 4 Rs. 10 As. 

Ecliinoidoa of tho Persian Gulf: Vol XXIT. Memoir No. 1 ,1933), pp. 35, pis. 3, by E. L. G. 
Clegg. Pnoe 2 Rs. 8 As. 

Fossil Mollusca from Southern Persia (Iran) and Bahrein Island : Vol. XXII, Memoir No. 2 
(1936), pp. 69, pis. 8; by L. R. Cox. Price 5 Rs. 8 As. 

On Bajocian Ammonites and Belomnites from Eastern Persia (Iran): Vol. XXII, Memoir 
No. 3 (1939), pp. 21, pi. 1, by L. F. Spath. Price l Re. 2 As. 

Cambrian Tulobitos from Iran (Persia) : Vol. XXII, Memoir No. 0 (1937), pp 22, pis. 2, by 
Prof. W. It. King. Price l Re. 14 Am. 

A Permo-Ciubomferous Fauna from South-West Persia (Iran): Vol XXIf, Memoir No. 6 
(1936), pp. 59, pis. 5, by J. A. Douglas. Price 4 lls. 4 As. 

Some Fossils from the Eurydosma and Conularia Bods (Pimjabian) of tho Salt Range : Vol. 

XXriT, Memoir No. 1 (1936), pp. 36, pin. 5, by F. ft. C. Itecd. Price 3 Rs. 14 As 
Eocene Beds of the Punjab Salt Raugo : Vol. XX.IV. Memoir No. I (1937), pp. 79, pis. 7, by 
Lt.-Col. L. M. Davies and E. S. Pinfold. Price 6 Rs. 2 As. 

The Cephalopoda of the Neocomian Bclemnite Beds of tho Soft Range: Vol. XXV, Memoir 
No. 1 (ta the Frcus), by L. F. Spath. 

Index to the Genera and Species desenhed in the Falarontolugiu Indica, up to the year 1891. 
Price I Re. 
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RECORDS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 


Part 4 ] 1937 - [October 


ERRATA. 

Page 93, under Rajpai, M. P., for * (c) 1 read (/), for ‘ Of. cit 
read * Proe. Twenty -second Jnd. Set . Congr. (As. Soc. Bengal) \ and 
for items ‘ (d), (e), (/) * read ‘ (c), (d), (e) \ 

Page 94, under Chakravarti, insert, 1 (e) Is Lamctasaurus indicus 
an Armoured Dinosaur?’ Aoier. Jonrn, Set., Vol. XXX, 138-141, 
(August. 1935.) 

Page 344, line 16 from bottom, for 1 7,800 ’ read 1 9,000 
Page 344, line 13 from bottom, for ‘ 2G ’ read 1 28 


lie became a Superintendent on the 1st October 1891, oflicialed as 
Director from the 8th May 1896 to the 23rd November 1897, and 
retired from the service on the 2nd May 1904. 

After his first season in the Godavari valley Oldham commenced 
that series of researches in the geology of the outer Himalaya which 
formed perhaps the main occupation, other than seismology, of a 
quarter of a century of varied liekhvork. In 1881-82 he accompanied 
the Manipur-Burma Boundary Commission to Manipur State, and 
the Naga Hills, and in J 881-85 was with the Survey uf India party 
in the Andaman Islands, In 1885-86 he toured the geologically 
unexplored desert region of north-western Rajputuna, chiefly with a 
view to finding coal. In 1886-87 lie worked in the Salt Range, in 
1889-91 in Baluchistan and in 1901-02 in the Sulaitnan Hills. From 

( 347 ) 
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1893 to 1899, interrupted by his appointment as Officiating Director 
and liia investigation of the Assam earthquake of 1897, he was in 
charge of a party consisting of Messrs. P. N. Datta and E. W. 
Vredenburg in the Son Valley. [[is last field-work was in the 
Lower Ghindwin and Pakokku districts, Upper Burma. After retire- 
ment he vihhd Burma again for a cold weather in a consultant 
capacity in oil to Messrs. Steel Bros, and (Joy., Ltd. 

This wide expeiience admirably equipped him for his selection, 
by the late Dr. W. King, to write the second edition of the official 
“Manual of the Geology of India” (1893), the groundwork of which 
he had earlier compiled in his “ Bibliography of Indian Geology” 
(1888). The second edition of the. Manual was in all important 
respects a new work, though based on the first edition by 11. B. 
Medlicott and W. T. Blanford, and several of the new chapters 
were of universal geological interest beyond purely Indian problems. 
Before this lie had edited Ins father’s unpublished papers on the 
“ Cacliar Eaithquake of 1809 (1882), on the “Thermal Springs of 

India” (1882) and the “ Gat a login 4 of Indian Earthquakes” (1883); 
these probably first attracted his attention to seismology, which 
culminated in his exhaustive memoir on the “Great Earthquake 
of 12th ,1 1 i 1 1 < 1897 ” (1900) and became the chief pursuit of the second 
half of his woiking life, .subsequent to his retirement from the Survey. 

Besides these major works, he was the autlmi of over seventy 
papers, not only on the results of his stratigraphic al nei, sinological 
and economic ^ork, but on many branches of phyueal geography, 
such as I he cohesion of ice and iU bcaiing on gla« ial erosion, ground- 
ice, land-slips, I he smooth-water anchorages of the Tra.vanc.ore coast, 
Permian breccias, subterranean w iter sup| iy, the ancient geography 
of ludia, flexible sandstone, facetted pebbles and blown -sand rock 
aculptuie, tin* action of flowing water, theories of mountain forma- 
tion, river valleys and rock basins, alleged Miocene man in Burma, 
the Allah Band of Kaclih, sandhills and explosion craters. In 
Oldham’s case versatility did not militate against that thoroughness 
wnich is characteristic; of all his work. Ilis originality of thought 
and breadth of vision carried Ills deductions from observations, far 
beyond more description into the stage of elucidating new funda- 
mental laws of science. He Avas thus the hist to recognise (in 1900) 
the most important principle of scismography, that earthquake 
waves are split up into and propagated in three distinct forms, with 
different velocities and different paths, which are received at distant 
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places as the three well-known phases of Ihe seismographic record. 
He also deduced (1906), from the records of distant earthquakes, 
that the earth has a core with physical properties very different 
from those of the surface shell which we know, and was able to calcu- 
late its diameter approximately as two-fifths of the total diameter 
of the earth. After bis retirement from the Geological Survey in 
1904 he lived for some time in the Isle of Wight near his friend and 
fellow seismologist, John Milne, then subsequently at Kew with 
his unmarried sister until her death, then in winter at Hyeres in 
the south of France, where be made a pliysiographical and historical 
study of changes in the Rhone delta since Roman times ; in summer 
he lived at Llandrindod Wells, for the benefit of his health, as he 
suffered from sprue. 

Oldham was awarded the Lyell Medal of the Geological Society 
in 1908 and was President in 1920-22. lie was elected a Fellow 
of the Royal Society in 191 i and served on the Council of the' Society 
in 1920-21 ; lie was also a, Follow of tire Royal Geographical Society, 
a Member of the Institute of Mining and Metallurgy and an Honorary 
Fellow of the Imperial College of Science 1 . 


A. M. Heron. 


b 2 
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Notes on the Geology of the Second Defile of the Irra- 
waddy River. By E. L. G. Clegg, B.Sc. (Manch ), 
Superintending Geologist, Geological Survey of India. (With 
Plate 28 .) 


The ‘ Second .Defile ’ of *the Irrawaddy is probably one of the, 
if not the, best known beauty spot of Burma. No informed traveller 

Introducti n ® ,1Tma ^ a ^ s *° the river trip by 

steamer from Mandalay to Bhamo as part of 
his itinerary and the best scenic part of this trip is the eight to ten 
miles in which the river takes a big S-bend from immediately below* 
t ho Bahmo basin in passing through the craggy heights of the second 
defile. Despite the popularity of this trip and the indelible impres- 
sions of the physical features which remain on all who carry it out, 
and notwithstanding the popularity of the view of the high crags 
of the centre of the defile as a guide book illustration, little is known 
of the geology of the rocks which form it. 

It was visited by Griesbach and Noetling sometime in the early 
“ nineties ”, as the, former 1 speculated on i4 certain more or less 
crystalline rocks chiefly limestones which occur in the midst of Ihe 
met amorphic flexures, and seemingly conformable to the latter ” 
as belonging to the Paheozoie groups and being possibly" Silurian 
in age although actual proofs were wanting and the latter 2 published 
a map to accompany a “Note on the occurrence of Jadeite in Upper 
Burma ” showing the. rocks of the second defile as Silurian (;) 
Cryst a Hi n e \ t i mes to n e . 

Since then the defile has been \ Vit»d only by economic geologists 
en unite for an outcrop of lignite which occurs at Lagatyan about 
four miles due south of Zinbon, a village occurring on the east side 
of the lower narrow’s of the defile. It. was information derived 
from one of these - Mr. H. Day r of Messrs. Bird and Company— that, 
led to my visit. Mr. Day had informed me that he thought, the 
defile limestones were Palteozoie and T had heard from Burma forest 
officers that rocks similar to the Mogok limestones occurred in the 


1 Hrc. Geol. S-urv. hid., XXV, p. 128, (18112) 

2 Tier, Geol. Smv. Jvd., XXVI, jp. 26, (1893) 
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vicinity of Yanbo about fifty miles south of the defile. The physical 
features of tho intervening country seemed to indicate that the hill 
ranges followed the strike of the rocks and there seemed a possi- 
bility of tracing the change in physical character of the rocks of the 
Mogok series into rocks of Palaeozoic age along the strike. My 
object was to ascertain whether the rocks of the Mogok series were 
metamorphosed rocks of Palaeozoic age or Archaean as had been 
thought. 

The defile proper lies between the villages of Sinkan (21° 9' : 
07° O') and Naungmo (24° 8' : 9G° 55') the former on the loft bank 
at the head of the defile and the latter on the 
features. °" *" phys,cal right bank at the foot. One village, Xinbon, 
is situated in the defile about two miles from 
the lower end and is possessed of a well-kept forest rest house. Tlu*, 
rest house stands on a small hill at the western end of the village ; 
its position is ideal ; it looks well from the river but it is even better 
than it looks. As it lies on the concave bank of one of the big bends 
of the river, excellent views of the river arc obtainable from it both 
up and down stream, up-stream for about two miles, down-stream 
for about six miles. There are two bed-rooms and the verandah 
on which the traveller lives is large and is always cool, owing to the 
bungalow catching any wind that blows, as a valley opens out from 
the defile to the south-west. 

The scenery is grand. Below Zinbon, that is, between Xinbon 
and Naungmo, high limestone cliffs form precipitous banks on cither 
side and are very much undercut by solution weathering. Behind 
Xinbon a narrow flat-bottomed valley accommodates the last half 
mile of the Zinbon chaung ; on the east of this valley are steep forest- 
covered slopes and knife-edged spurs; on the west is a plateau with 
a 200 feet precipice as its eastern boundary. The recent rocks 
forming this plateau have at one time continued across the river 
and a similar plateau occurs on the other side set back just a little 
from the river bank. Where the Zinbon chaung enters the river 
a small delta juts out into the main stream and forms a landing 
for the Irrawaddy ferry steamer if cargo justifies it ; otherwise the 
odd passenger to Zinbon is landed by village dug-out or steamer 
dinghy. Further up the river and about two miles north-east of 
Xinbon, high limestone cliffs rise nearly a thousand feet sheer from 
the water, whilst nestling at tho base is a most attractive little pagoda 
perched on a slipped block of limestone, lienee, lower banks 
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predominate up-atream until the last mile is reached, where once 
again high limestone rocks form precipitous banks on either side. 
These terminate abruptly to the east where the defile opens out into 
the Bkamo plain. 

Geology The roc ^ s defile consist of the 

following series in descending order : — 

(A) Sandstones, calcareous sandstones Late Tertiary sediments. 

with intercalated conglomerates. 

(B) Serpentines [seen intruded into (C) Intrusives. 

and (E)]. 

(C) Calcareous sediments — limestones, ^ 

indurated sandstones and shales. 

(1)) Arenaceous sediments— fossiliferous . 

1T1 t . , ,, r >Cretaci‘ous series, 

rubbly sandy strata, the fossils * 

remaining only as ferruginous I 

internal casts. J 

(E) Older indurated series very much Older sedimentary senes. 

folded and disturbed. 


Intrusives. 


Cretaceous series. 


Older sedimentary senes. 


The oldest sediments form the high ridge consisting of shop 

forested slopes with knife-edged spurs which runs south from the 

defile immediately cast of Zinbon. They 
Oldest sediments. . .*' . , 

are very much broken and consist of slates, 

quartzites and numerous volcanic, rocks, including quart /.-porphyries. 

Their age is doubtful as they are unfossiliferous but they continue 

southwards into the ridge of Tangte Hill which consists of rocks 

having all the physical characteristics of the Chaung-Magyi scries, 

but as Tangte Hill as a whole forms an ir.lier in Tertiary sediments 

that is as much as can be said of diem. 


On the foreshore cast of Zinbon chocolate, and fawn-coloured 
rubbly shales outcrop in the river and either underlying or inter- 
calated in these about half a mile cast of the village is a bluish 
grey, almost schistose, fine-grained rock consisting of very much 
crushed grains of quartz, orthoelasc and plagioclase felspars, a little 
irregularly distributed biotite, and small cubic crystals of iron ore 
becoming hiuonitiscd. The ground mass is microcrystallinc and the 
original character of the rock was probably ijf a fine-grained gritty 
nature. 


The path from Zinbon to Sinkan turns south from the river 
miles east of Zinbon at an occurrence of serpentine which has a 
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brecciated rock on its western margin. To the south, rocks whoso 
physical characteristics led me to class them as Chaung Magyis 
occur on the western flank of the serpentine. Where the 1,000 foot 
contour crosses the path, a chocolate-coloured shaly series similar 
to that seen on the foreshore occurs. It is difficult to know of what 
these chocolate-coloured shales consist. They are weathered, uu- 
fossiliferous, and appear much softer than the series, t have 
designated them Chaung Magyis ; it is possible they are the remains 
of a mueh later series unconformably overlying them. 

The arenaceous sediments of the Cretaceous series are fossil iferous 

and occur from a third to half a mile west of Zinbon on the left 

„ , bank of the river and are separated from the 

Cretaceous series. . . . , , . , 

more calcareous sediments to the west by a 

hiatus in the sequence. They consist of dark, rather cleaved 
ferruginous mudstones, are very rubbly and have harder more 
sandy bands intercalated in them. The fossils occur as 
ferruginous easts but an Orbitolina which determines their age as 
Cretaceous lias been isolated by Dr. Salmi from among them. On 
the point half a mile E. N. E. of Zinbon they arc folded into 
a syncline. The^e .sediments may be rut oil* from the harder and 
more massive Cretaceous rocks In Urn west by a fault, since 
Dr. Salmi lias recently isolated ail Orbitolina from the massive lime- 
stones ; also the two formations may probably be m normal sequence, 
but similar Cretaceous sediments containing foraminiferal limestones 
apparently underlie massive limestones similar to those of the eletile 
both near Mesan 10 miles to the. S. S. \V. and at Yanbo fifty 
miles to the S. S W. 

The more calcareous part of the Cretaceous series is partly 

metamorphosed and consists of indurated limestones, sandstones, 

„ . shales and their infinite combinations. These 

Calcareous sediments. ,. . . x , n i 

sediments as a whole dip IN. N. h. ami, 

with the exception of the reach which runs from Zinbon for 

1.V miles to the cast, embrace the whole of the defile ; the massive 

limestones of the series, which in places appear nearly 2,000 feet 

thick, form the precipitous banks, the more arenaceous sediments 

the jungle-covered slopes. The limestones have been extremely 

fossiliferous and the remains of what appear to be large molliiscan 

shells protrude from *tkc limestone rock in a most aggravating 

manner, as attempts to extract them are unavailing. Their 

occurrence is terminated at the lower end of the defile by 
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serpentinous intrusions. East of these serpentines the sediments are 
all very indurated, contorted and fractured and sometimes almost 
slaty. Hands of purer limestone occur in them, one on the 

right bank, about ten feet thick, dips N. N. W. at 70°. 

Approaching the main limestone band fron» the west on the right 
bank, contortions arc seen to occur and the hrecciation of the 
massive limestone seems to point to thrusting along the boundary. 
The eon tort-ions might on the other hand be due solely to in- 
competence in a more elastic series, as on the left bank half a 
n Q , mile south by east of Naungmo a band of 

96" 55') to Zinbon (24° almost pure limestone can be seen during tnc 

T : 96° 56'). Cakare- low-water season folded into a synclinc. 
ous sediments. , . , , 

Only a general correspondence can be made 

out between the massive limestones on either bank of the river ; 
on the right bank about 1,200 feet of limestone occurs in three 

maiu bands, the upper two being each about 300 feet thick 

and the lower 000 feet ; on the lett bank about 550 feet of limestone 
occurs in one band, apparently dipping N. N. W. by W. at 
70°. Whether this lack of correspondence is due to normal faulting, 
or local faulting due to undermining by solution-weathering, it is not 

possible to say. It certainly does not seem possible for such 

thick bands to have petered out so much in the GOO yards 

which separates them. The limestone is all grey, fine-grained and 
urgillm eons in character and is apparently all fossil ifero us. So too 
arc the intercalated calcareous shales. Underlying the massive 
limestone oil the right bank are very mixed contorted strata. The 
limes! one so far as eari be seen dips north- west at 70° ; contorted 
sediments are squeezed light undt r it at the junction and the boun- 
dary looks far from normal. For about- J00 feet to the east of the 
boundary arenaceous rocks, which appear to be fairly regular, occur 
but pass eastwards into contorted mixed calcareous strata ; they 
dip N. N. W. at 70°. Remote from the river these contorted 
rocks are overlain by horizontal late Tertiary sediments. On the 
left bank the massive limestone is underlain by mixed calcareous 
and arenaceous beds in which the more calcareous bands are up to 
thirty feet in thickness : they strike E. N. K. and are almost 
veitical. Further to the east- no exposures can be seen for a short 
distance and then cleaved, rubbly, ferruginous, fossiliferous, sandy 
shales ol‘ Cretaceous age occur as a syncline on an E. N. E. 
strike. 
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Two miles north-east by east of Zinboti the same sediments are 
met with apparently on the continuation of the same line of 
strike. On the right bank, debris of the series 

mlddTe'TfThe defile!" 0 from the heights to the north occurs along the 
river from half a mile E. N. E. of Zinbon, 
tlic only in situ exposures that are seen being the northerly continua- 
tion of the serpentines occurring 1J miles east of Zinbon. Limestone 
debris overlies these serpentines and continues along the bank to 
the main massive limestone exposure which forms the grandest 
feature of the defile. The cliffs are practically sheer for a thousand 
feet ; they consist of bedded limestones, shaly in parts, and dip at 
low angles (20°- -30°) at the south end, steepening to 45° at the 
north end ; they are fossiliferous and bands of shelly limestone are 
clearly visible weathering out in the undercut cliffs near water-level. 
All attempts at obtaining identifiable specimens, however, proved 
unavailing. A huge fallen block provides a foundation for a small 
pagoda at the base of the cliff, but to realise the size and height 
of the block one needs to sail close along the bank in a dug-out ; 
it cannot be appreciated from the deck of a passing steamer. On 
the left bank the only solid rocks seen north of the serpentine are 
limestones similar to those on the opposite bank and must be almost 
covered when the river is high ; they dip N. N. E. at 25°, 
form no marked feature and most probably have been locally faulted 
from the sediments opposite by solution-weathering. Where the lime- 
stones cease at the upper end on the right bank they are underlain 
by ferruginous schistose shales which consist of very line-grained 
quartz in a clayey ferruginous matrix. Contortions occur in the 
latter about 100 yards from the limestone and then the series takes 
on the strike seen below Zinbon ; the dips are however less steep 
(about 40°). On the left bank opposite to the north end of the 
limestone outcrop, slaty shales dip S. B. E. ; they are isolated 
from other exposures and their relations cannot be made out. 
North-east of the main limestone outcrop, the river follows the strike 
of the rocks to Pt. 386 on the one inch to the mile map where 
limestone concretions occur ill the more arenaceous part of the sedi- 
ments and limestone debris is found at the mouth of a small stream 
which there debouches* into the main river. At the point just beyond 
and to the south a tough siliceous brecciated ferruginous rock occurs. 
Under the microscope this rock is seen to consist of a microcrystal- 
line aggregate in which angular pieces of clayey ferruginous products 
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occur, the whole being split up by fine ramifying quartz veins. 

It appears to have the true characteristics 
oug brecc!aI )US a fault-breccia in texture and strikes across 

the river with the sediments, occurring also 
on the other side. Intercalated in it on the right bank is a much 
fractured and broken micaceous grit consisting of angular grains of 
quartz and subordinate felspar in a miorocrystalline indeterminate 
matrix in which a little biotite and muscovite are present. It is 
underlain by contorted calcareous rocks consisting of fine-grained 
quartz and a little felspar in a calcareous matrix dipping north-west 
at 40°. In these, lower in the sequence, purer limestone bands 
occur and occasionally a little contortion can be seen. On the left 
bank of the river, although a general correspondence with the 
opposite bank can be made out in the lower part of the series inter- 
vening between the breccia and the massive limestones of the eastern 
end of the gorge, in tin*, upper part the rocks appear to be meta- 
morphosed grits and conglomerates although limy bands do occur. 
One such 3j- miles north-east of Zinbon is a grey patchy rather 
dolomitised looking rock. Under the microscope it was found lo 
consist of grey fine-grained granular dolomite with larger patches 
which give a rather porphyritic look to the rock. 

The rocks described appear to overlie the massive limestones 
of the eastern end of the defile but the relations at the actual boun- 
daries are far from clear. One is not however likely to get clearer 
sections remote from the river. The massive limestones last 

mentioned form precipitous banks ; at the eastern end they are 

very much brecciated aud on the, right bank terminate abruptly 
where a 20-foot serpentine dyke running north 
the dipper end S oi C8 l he and south occurs. Oil the left bank the lime- 
of Sinkan stones form the hitsh peak (1985) south of the 
river. Shaly intercalations occur in the lime- 

stone series and on the left bank one very clear case of faulting can 
be seen. On the right bank, near the eastern end of the limestone 
occurrence, cleaved shaly calcareous strata occur as a dyke about 
three feet thick in the massive limestone ; on the left bank the 

limestone has not the abrupt termination of that opposite, and 
metamorphosed shaly rocks apparently underlie it. 

The limestones on both sides of the river dip north-west at high 
angles although in places, owing to the jointing, the dip appears 
to be much less. Stringers or thin bands of fossiliferous strata 
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and concretions occur and it is only from these that the true 
bedding can be arrived at. The disturbance of the overlying more 
sandy strata is well seen at the contact on the left bank. 

Large scale mapping is really desirable in country such as this. 
The one-inch map fails to give a true idea of the inaccessibility of 
the country bounding the defile, whilst thick forest growth on all 
but the limestone scarps renders, remote from the river, the finding 
of one’s position an almost impossible task. However, from the 
detail that I have been able to include, it appears obvious that the 
limestones of the lower and upper parts of the gorge are one and the 
same but are separated by faulting which bounds the main exposure 
in the centre of the gorge on its eastern flank. The eastern is the 
downthrow side of this fault but mapping of the outcrops in conti- 
guous areas will be necessary before the direction of the fault can 
be specifically delineated. 

On my first casual glance at the rocks of the gorge I thought 
the upper and lower limestones formed the northerly pitching ends 
of anticlinal structures ; subsequent mapping showed however that 
this was not the correct interpretation. 

Tertiary sandstones overlie the Cretaceous series at Zin- 
bon and form the plateau-like high ground which lies to the 
west of the Zinbon-Lagatyan track and that 
uiuits 6 rerliary Stdl " which fills in the bay in the older series 
on the right bank of the river north-east of 
Zinbon. The forest rest house at Zinbon is built on slipped blocks 
of ferruginous conglomerate from the same rocks. The series is a 
very mixed one, as can be seen on the old overgrown track from 
Zinbon to Shwegu ; it consists of faw n sandstones, flaggy calcareous 
sandstones, occasional white kaolinised sandstones and hard conglo- 
merates with quartz pebbles up to four inches in diameter. Some- 
times laterite caps the surface of the series. Along the stream which 
the path mentioned follow's at the junction near Pt. 559 thick conglo- 
merates containing pebbles of quartzite, slate and igneous rocks 
occur. Soft grits looking very like Irrawaddians of the type 
exposures overlie these conglomerates, whilst immediately north 
of Pt. 559, rubbly shales and soft sands and conglomerates dip south- 
south-west at 15 u , A*quarter of a mile east of Pt. 559 coarse conglo- 
merates overlie a series of rubbly bluish shales and fine sandstones 
in which other thin (2 inch) conglomeratic bands occur. They 
dip S. S. E. at about 20°. Higher up the same stream near 
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Pt. 867 there is a cliff 100 feet high of practically horizontal conglo- 
merates and intercalated sands and grits. Nowhere did I see any 
fossilifcrous horizons in this scries. The series is most certainly 
unconformablc to the older rocks previouslv described ; they have 
a much greater extent to the south and apparently previously had 
a much greater one still as a covering of the ‘ defile * rocks. They 
also occur as a series of conglomerates, sandstones and shales below 
the defile, and 1 noted in travelling down the river a gentle anticlinal 
fold in them along the right bank between Naungmo and Shwegu. 

Above the defile they occur to the east of the serpentine dyke, 
which terminates limestones of the upper defile on the right bank, as 
a series of soft sands, whitish and fawn in colour, dipping north-west 
at 70°. Shales and hard sandstones are intercalated in them and 
the whole are overlain by recent alluvium. 

Igneous intrusive rocks, now mostly altered to serpentine, termi- 
nate the Cretaceous series abruptly on both banks of the river at the 
lower end of the defile and the limestones on 
the right bank at the upper end: they also 
occur flanking the oldest sediments in the middle of the defile 11 
miles oast of Zinbon and continue across the river to the north- 
west. Nowhere were they found intruded into Tertiary rocks either 
in the ‘ Second Defile * or to the south. 

Specimens from the more unaltered parts of the intrusion at 
the lower end of the defile seem to point to an original doleritic 
rock ; one. a dark bluish green medium-grained rock, consists of 
kaolinised plagioclasc felspar, hornblende and interstitial quartz, 
the hornblende showing alteration to chlorite and iron ore ; another, 
a medium-grained dark rock, consists of an interlocking aggregate 
of olive green hornblende and kaolmised plagioclase felspar ; whilst 
still another consists of an ophitic : lass of kaolinised plagioclase 
felspar, colourless ampliibole and epidote, and is much speckled 
with iron pyrites. 

On the spurs which run eastwards to the stream from the Zinbon*' 
Sinkan track 1£ miles east of Zinbon and in the bed of the stream 
itself only altered igneous rocks are seen. A specimen from an 
exposure of light-coloured medium-grained chioritic rock consists 
of idiomorphic crystals of oligoclase, orthoclaSe and microclinc, all 
rather kaolinised, in a matrix of chlorite ; another, a fine-grained 
rock, consists of kaolinised indeterminable felspars, chlorite and 
colourless hornblende and might originally have been a dolerite. 



Pabt 4.] Clegg : Geology of the Second Defile . 359 

In general, though, in this as in all the exposures, only dark green 
serpentine is encountered. 


EXPLANATION OF PLATE. 

I late 28. — theological Sketch map of Second Defile of Inawaddy river below 
Jihamo, (Seale 1 inch miles, approximate.) 
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INTRODUCTION. 

During the course of his woik 011 the geology of the Second 
Defile of the Irrawaddy river and the area around Mesan, ten miles 
to the S. S. W., and near Yanbo, fifty miles to the S. S. W., 
Mr, E, L. G. Clegg, Superintending Geologist, discovered certain 
fossiliferous horizons, the age of which, on the available field evi- 
dence alone, remained in doubt. Mr. Clegg, therefore, kindly sent 
the fossils to me for determination and the present paper is the 
result. 

Briefly it may be stated that (I) the fossil determinations prove 
the occurrence of Orbttolim - bearing j.oks in Burma. As far as we 
Resumfe know, this is the first record of that genus in 

the Burmese region, the first record in fact of 
indisputable Cretaceous sediments in that area. The only other 
occurrence of supposed Cretaceous rocks in Burma is in the Arakan 
Yoma, but it has been disputed whether the rocks are of Cretaceous or 
of Triassic age 1 . Tipper records that- Cardila bmumonti , d’Arch., a 
species characteristic of the Danian, occurs # in these beds, but 

1 Tipper, 0. IT., 1 ?cc. Gtol. Surv. Ind., XXXV, p. 119,(1007), and Thoobold, W. 
Mcvir Gtol. Surv. Ind., X, Pt. 2, p. 134, (1873). 
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the Axials are clearly a mixed group (2) A new species in itself not 
being a satisfactory index to the age of the beds in which it occurs 
one must rely upon morphological comparisons with other forms 
for this purpose. Comparison of Orbitolina birtmnica with orbitolines 
from the Tibetan region .appear to indicate that a lower Cretaceous 
(probably the uppermost Barrel nian) age may be assigned to at 
least a part of the Orbitolim -bearing rocks of the Second Defile 
and the neighbouring area. (3) These comparisons further prove the 
extension of the Tibetan Lower Cretaceous sea into Burma, which 
is of importance from the palfeogeographieal view-point. 

According to Mr. Clegg, the rocks of the defile consist 
Stratigraphies! .eq..- of tlle following series in descending 
ence. order 1 - 

(A) Sandstones, calcareous sandstones with intercalated conglo- 

merates. 

(B) Serpentines (intruding into (C) and (E)|. 

(C) Calcareous sediments,— limestones, indurated sandstones and 

shales. 

(D) Arenaceous sediments,— fossiliferous rubbly sandy strata, the 

fossils remaining only ns casts. 

(K) Older sedimentary series,- • older indurated soiies very much 

folded and distui bed. 


The topmost beds (A), resting unconformably upon the older 
rocks, are entiiely unfossiliferous and a Tertiary age is assigned 
to them by Mr. Clegg on lithological considerations and field evidence. 


The rubbly sandy strata (D), occur) ing at the following localities 2 , 
have been examined :--No. 33, one mile south-west of Mosan 
(24° I' : 90° 52'), sheet 92 D/16; Nos. A, 42 and 43, half 


Arenaceous sediments. 


a mile 
(24" V : 


north-west by west of 
96° 56'). Specimen No. 29 


Zinbon 
(only a 


fragment) from two miles S. S. E. of Mosan (24 rj O' : 96° 53') 


Forest Rest House, is lithologically identical to the others, but 


contains no fossils. All these contain profuse remains of mol lu. scan 


shells in the form of crushed fragmentary casts barely fit even for 


generic determination. Amongst these, fragments of shells may 
possibly be referred # to the genera Corbula , Triyonia , Nucula and 
Pecten, 


1 Bsc. Oeol. Surv. Ind., 7‘J, Pt. 4, p. 352, (1037). 

* The numbers refer to Mr, Clegg’s field numbers painted on the specimens, 



3C2 


Records of the Geological Survey of India . 


[Vol. 71. 


As previously reported 1 , lithologically these beds are similar to 
those of the Assam Cretaceous placed in the upper division (Senonian) 
of that system by Spongier 2 . In fact the similarity is so great 
that had the writer not been able to isolate a single specimen of 
Orbi Ivlina, which appears to be identical with Orbitolina birmanica 
described below from the associated limestones occurring in the 
Second Defile and elsewhere, a provisional correlation of these bods 
with the Senonian strata of Assam would have suggested itself. 
But the genus Orbitolina extends in range from the Lower Creta- 
ceous to the base of the Upper Cretaceous only. Tt does not occur 
in rooks of younger age than the Cenomanian, that is, the lowermost 
division of the Upper Cretaceous. As will appear fiom what 

follows by comparison with other forms, the Orbitolina in the scries 
(D) is assigned to the Lower Crelaceous. 

Tn the other fossiliferous series (0), as aptly stated by Mr. Clegg, 
fragments of fossils protrude in a most 4 aggraval ing * manner from 
the limestones. But in no ease could anv- 

Agc of the Calcare- thing definite! v identifiable be recognised in 
t ho field. In the fare of this it was perhaps 
natural, on the basis of field evidence alone, to assign these 
limestones to the Palaeozoic, attaining as they do a rhukness 
of 2,000 feet in places, which is rivalled only by that of the massive 
Palaeozoic Plateau Limestones of Burma and the Shan States. 
Several thin sections examined by the writer equally failed to reveal 
fossil evidence that would throw light on the question of t licit age, 
The. discovery of two or three specimens of Orbdolnm in these 
massive limestones by tin* process of heating and sudden cooling 
whereby specimens became partially del ached from the embedding 
matrix is, therefore, significant. in view oi the paucity of material 
from these massive limestones, detailed comparison of internal struc- 
tures art 1 not possible, but externally ihe specimens isolated fiom 
samples collected at No. 0, Ku Taung (23° 24' ■ 96" 5'), sheet 93 
A/3, appear to be identical with the larger miernsphorie individuals 
of Orbitolina birmanica from No. 20 j mile due north of Yanbo 
(23° 41' . 96° 41'), sheet 93 A/10, and No. 21, Maingtha Clnumg 

(23° 4-1 ' : 96° 42'), sheet 93 A/ 10. One of the specimens from the 

massive limestones is figured in text-figures c and J and may he 
compared with figures g and h respectively, from near Yanbo. No 
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megalospherie individuals, which in rock samples from Yanbo and 
Maingtha Chaung occur in about the same proportion as the micros- 
plieric, have boon found in the samples from l\u Taimg, though 
only a few blocks could be examined. On the available evidence 
therefore beds (0) and (D) should both be assigned to the lower 
Cretaceous, which means a great thickness of these sediments in this 
area. 

With regard to the Calcareous sediments (0), this statement 
is made with some reserve as the writer feels that lack of sufficient 
material does not give complete confidence in expressing a conclu- 
sive opinion. However, the fact of their Cretaceous age, cannot be 
doubted, especially as further evidence has Income available since 
this paper went to press. Tlun sections of specimen Mo. 59, from 
the right bank of the Irrawaddy river (21° 9' : 9(i° 59'), 4b miles 
K. N. hh of Zinbon, sheet 9 2 D/lb, examined by the writer and 
definitely j of meal by Mr. Clegg to li is Calcareous sediments, have 
conclusively proved the presence 1 of (hbilohaa , though the majority 
ol specimens are crushed almost beyond recognition. Their specific 
identification is therefore not possible, but from their general 
characters (such as arcs available for examination in portions of 
isolated specimens that have partially escaped crushing) their 
identity with specimens from Ku Taung in the area to the south’ 
west may be considered fairly certain. 

The chief interest of specimen No. 59 from the Calcareous sedi- 
ments is that it is the only specimen from the Second Defile which 
has yielded Orbitolina and has, therefoie, enabled the writer to 
assign a Cretaceous age to the great thickness of the massive lime- 
stones of the Defile proper which an 1 included by Mr. (Jlegg in his 
Calcareous sediments (C). The remaining specimens from the, 
Calcareous sediments of the Defile; noted in the following list and 

examined by the writer did not yield any orbitolines : — 

Specimen No. 41 Irrawaddy river (24° 7' : Grey, line-grained, 

90° 55'). One mile north- rather argillaceous 
west by west of Zinbon limestone. 

(left bank). Sheet 92 
D/1G. 

„ 52 Irrawaddy river (24° 8' : Crushed grey lime- 

96 0 57'). Two miles stone, weathering 

north-east of Zinbon (right to a dul black 

bank). Sheet 92 D/16. colour. 
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Specimen No. 53 frrawaddv river (24^ 8' : Dark grey, fine-graiu- 
91 57'). Two miles ed limestone with 

north-east of Ziubon ralcito veins. 

(right bank). Sheet 92 
D/10. 

In addition the following specimen fiom the Calcareous sedi- 
ments of the area ten miles to the S. S. W. of the Defile showed 
no trace of orbitolincs - 

Specimen No. 35 One mile S. W. of Megan Dark grey compact 
Forest Rest House (24 c fossiliferous lime- 
V : 90° 52'). Sheet 92 stone. 

D/10. 

The absence of orbitolincs in the above noted specimens may, 

however, be due to paucity of material available, tor examination, 
to unsuitable conditions or to effects of crushing and rcoryst alliga- 
tion, and does not necessarily imply that foraminil'era did not exist 
in these rocks. 

One could have wished that the fossil collections from these 

horizons were somewhat better and more extensive. But their 

paucity was inevitable, as the collections were made during 
the course of a traverse across a. comparatively wide area. Con 
sidering the importance, of the area it is very desirable that exten- 
sive collections should be made m order to elucidate more clearly 
the relationship and ages of the different formations. 

We now come to the important question of the relative ages of 
the Calcareous sediments (C) find the Arenaceous sediments (D) 
of the Cretaceous series. According to field evidence the possi- 
bility of a fault between the two formations was suspected by 
Mr. Clegg. The presence as far as we know of the same orbitoline 
in the two formations appears to indicate that these are in normal 
sequence. 

There is another point to winch attention may be drawn. 
Mr. Clegg mentions certain volcanic intrusions into the Cal- 
careous sediments (C) and the Older sedimentary series (K) 1 
On the basis of the present determinations (C) is younger than 
series (D), and it is suggested that further examination will 
reveal the presence of similar intiusions in beds (D) also. In 
the areas mapped by the writer in the Northern Shan States, 
no intrusion into rocks of younger ages than the Chaung 


1 Loc. tit ., p/352. 
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Magyis, which correspond to series (K) of Mr. Clegg are known. 
The mass vo Thickness of tin 4 overlving pie -Cretaceous Mesozoic 
sediments and the Plateau limestone*; i* enlnvlv devoid of volcanic 
intrusions. 

Incident allv i| ma\ he mentioned thil Mi. I). N Wad a 1 dis- 
covered a series of Orhituluw - honing hods in Kashiu r iittorbodded 
with a great thickness of volcanic rocks which may be compared 
Vi it 1 1 the Otbitnlmn beds of Bui mu now unde consideration. Un- 
fortunately. lack of lime has not, permitted the study of the relation- 
ship lad ween the Kashmir and Kurina urbilolmes. 


II.— DESCRIPTION. 

Sub-family : OltMTOL/N LN AM. 

Oibilolutu bn immim, sp now 
llolotvpe.- G. K. 1. T\pe No. 10345. 

fl'Jrtfos 2U ami 30 and levl-fig. l.| 

\ 1 1 h o 1 1 gh a large number of pc< miens has been isolated, only 
a single specie** appeal* 1o be repiesented in Hie samples from near 
\ anbo, Mamgtha ('haling and Ku Tamil*. Both microspheric and 
megalospherio bums are repiesented m profuse numbers at the 
fast two localities hut tin* proportion o! mici ospherjc individuals is 
slight U greater. 


I .—External structure. 

Mh ros phene form -The mierosphei c* individu.ds are depressed 
ennic.d with a prominent <entra! boss or maimlla from which the, 
test slopes at fits! rapidlv then genCv to the f.iirly sharp margin 
(which shows a sea i eel v perceptible tcndciicv to curve upwards) 
in the <diara< teiist ie shape ol a Chinese straw hat. The shell is 
uregularly eir< ulur in outline ,md slightly wavy (Plate 30, figs. 7-11, 
17, and 19). The lower surface is concave, the degree ol concavity 
\arymg to a certain extent. (Compare Plate 29. tig 1 , and Plat<? 
30, (igs J and 2). Tin 4 specimen** are on the average about 5 mm. 
(or slighth less) in diameter but considerably larger individuals 
aie known the large,*,! so faj isolated being 13 mm., that is, nearly 

1 tiec. CitoL tivrr. ind., 1.XVIU. pt. 4, p. 419, (1935). 

o 2 
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half au inch across (Plate 30, figs. 9, 9a). Specimens of intermediate 
sizes have also been isolated. The largest specimen measures 

about 3 mm. in height, but the average height is not more than 
2 mm. 

Unfortunately, only a single specimen, mt of the very huge 

number isolated, shows the concentric lamellae (Plate 29, fig. 7) 

and even m this the condition of the test is not such as to permit 
accurate measurements of the distance separating these. 

Megalospheric form. — The megalospheric individuals are distinctly 
conical (Plate 30, figs. 12-16), the apex subtending, as in the corres- 
ponding form of Orbilolina tibetica, 1 Cotter, an angle of almost 90°. 
The maximum diameter of the base is about 4 mm., the height 

varies from 2 mm. to 3-5 mm. All the distinctly conical individuals 
are without the central boss or mam ilia and the lower surface is 
either flattened or e-onvex, the degree of convexity varying to a 
certain extent. 

II. — Internal structure. 

The internal structure of Qrbitolina has been studied in some 
detail by Carter 2 , Carpenter 3 and Fritsch 4 (who both referred certain 
species of Orbilolina to Patellim ), by Martin 5 and more recently in 
concise detail by DouvillS 6 . Fortunately on account of the large 
amount of available material and by comparison with the already 
published studies, it has been possible to elucidate the internal 
structure of the Burmese species also in some detail. Plate 29, 
fig. 5, is a transverse section through a megalospheric (but somewhat 
depressed) form showing septa disposed in a regularly radiating 
manner along the periphery, but becoming irregular towards the 
central region. Plate 30, fig. 5, is a tangential section through 
another highly conical individual, parallel to and near the outer 
surface of the shell, that is the region where the septa are regularly 
disposed. The section is incomplete — the shell having been damaged 
in the course of preparation of the section. Plate 29, fig. 6, is 
another oblique section through a distinctly conical but relatively 
broader individual. 

1 Bee. Ged. Surv. Ind., LXI, Pt. 4, p. 352, (1929). 

2 Ann. Mag. Nat. Hid., Ser. 3, Vol. VIII, pp. 458-460, (1861). 

8 Introduction to the Study of Foramiuifora, pp. 229-235, (1862). 

4 Paiceontographica, SuppL III, Lief. I, pp. 144-145, (1875). 

6 Satnmlungen dee Gedogischm Reichu- Museum in Leiden , Vol. IV, pp. 209-229, 
Pis. XXIV aud XXV, (1884-1889). 

4 Bull, Soc. QeoU France, 4*" Ser. Tome qu&trienne, pp, 653-661, PI. XVII, (1904). 
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Tho internal structure of the microspheric forms is identical to 
that of the high conical megalospheric forms except for the fact 
that in the former tho transverse sections pass through several 
chambers and therefore become more complicated. Plate 29, fig. 2, 
is a transverse section through a microspheric form passing well 
above the basal surface. It passes through several chambers and 
shows a similar disposition of septa to that in the corresponding 
section of tho megalospheric individual. The zigzag character of the 
septa, to which Douville and others have drawn prominent attention, 
is better seen itx the darker part of the figure. The central portion 
represents the concavity of the lower surface filled with extraneous 
miterial. Plate 30, fig. 4, represents a transverso siction, very 
close to the basal surface. The outer imperforate lamina and tho 
supporting mesh structure are not seen in this section, but the 
quardr.mgulir cells arranged in concentric circles, along the peri- 
pheral region, giving place towards tho centro to triangular cells, 
similarly arranged, are clearly visible. The central dark area re- 
presents the basal concavity filled with extraneous material. Plate 
29, fig. 1. and Piute 33, figs. L and 2, are vertical sections through 
micro iphenc individuals, the latter two passing through tho central 
boss. Pule 30, fig. 0 , is an enlargement of a portion of tho speci- 
mens figured in Plate 29, fig. 2. All the sections show several 
minute foreign bodies dispersed through the shell structure. Mar- 
tin 1 , Cotter 2 and others have drawn attention 1o these in the case 
of tile specimens from Borneo and Tibet studied by these authors 
respectively. The foreign bodies in Orbitolina birmanica consist both 
of quartz and ealcitc. These foreign bodies, ‘ frcmdkorpor^chen * 
of Martin, are clearly seen in Plate 30, fig. 6, which is magnified 
sixty- lour times. 


111.- AFFINITIES AND COMPARISON. 

In structural characters the present species resembles Orbitolim 
Ubctica , Cotter. The shape of the microspheric forms, however, is 
different in the two species. In 0. tibetica 4 the upper surface has 
a central boss which spreads into a saucer shaped disc \ 3 In Orbi- 
tolim birmanica , on the either hand, the shell slopes from the central 


4 Loc. cit., p. 227, PI. XXIV, figs. 10-12. . 

2 Loc. cit., p. 362. 

3 Cotter, G. de. P., Loc. cit., p. 362. 
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boas to tile margin which is scaicclv upturned so that the boss is 
visible in lateral view,-, wlLieli is not always the case in 0. tihetica . 

The distinction is well illusliated in text-lig. 1. The megalos- 
pheric forms are very similar in liot.h cases 

The concentric lamclhc m 0. b'mnanka are not seen except in 
one specimen only (Plate 2b, fig. 7), so accurate comparison in this 
respect is not possible 1 between the two species. 



/ y h 


Fiji. 1.- (u) Oibitolnia tihetica, Co tier Micros phene form (Ilolotypc) in lateral 
view .showing the elm met eristic saucei-like shape ( > 1). (!. S. t. Type No. 14332. 

(6) Same. Megalohpltcrie form m lateral view. (Not. .si/e.) J’niatype. G. S. T. 
Type No. 14327. 

(c) Oibitotina birmanica, bp. nov. A comparatively Urge mierosphene individual 
from near Yanho, m lateral view. AT.ugin hi nicely upturned. ( « 3). Cmupnio with O. 
tibetica, (fig. la) a Love, l’aintype. <}. S. \ Typt No. 10349. 

(</) Same Megalospherie form in LitciaL aspect (Nat size). Compare with 0. 
tibetica, (hg. lh) above. Paratype. C. S 1 T\pe No. 16314. 

(e) (h bit ohm cf. bo manna, «[». nov. Kccnnstru.tnui of impeilert {specimen lrom 
Ku Tauug (Calcareous scdirai nt^) in dorsal view. (Nat. size). G. S. I. Tyjie No. 10357. 

(f) Same specimen, lateral view. (Nat. .uze). 

(g) Jr (h) Two view* (Nat, M/e) ot specie e*. figured in (r) ; for eomp.msoii with {<) 
and (/) respectively. 

In external sh;i|ie the nunO’.phcin* I’oim resembles (hbitolina 
concava, Lamarck, but according to Donvillc 1 the hitler does not 
possess the thick conical form, both the nm rosphoric and nu'galo- 
spheric individuals having the same shape. Disf.netion fioni 0, 
roruava , Lamarck, is, therefore, well marked. Incidentally it may 
be mentioned that Yabe and llanzawa 2 consider that ‘the specific 

1 Comptes Rendu s, Vo!. CLV, p. .071, (Sept. 1912). 

a Science Rep. Toholv Imp. Vuneuxty, Sendai , Japan, Second Ser, (Geology), Vol. IX, 
No. 1, p. 16, (1926). 
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name scutwn-trochus given by 0 . K. Fritsch in an earlier date now 
seems more applicable * to the form described under 0. ‘ concava ’ 
from Borneo by Martin. 

The species described from Sliuslml near Leh by Fossa Mancliim 1 
as Orbitolina ‘pit run and 0 . parwa are obviously megalospheric and 
mierospheric forms of the same species. Orbitolina parma differs in 
shape from 0 . birmanica , but resembles 0 . tibeticu, being bke the 
latter saucer-shaped. This is clearly seen in Manehiin's illustrations. 2 
According to Cotter these two forms are distinct on account of the 
difference in the interspaces separating the concentric, lamellea. 3 
The vertical section of 0 . pilots given by Manchiui shows a highly 
conical form, much more conical than any of the megalospheric 
individuals of O . birmanica so far isolated by the writer, but. Manclnni 4 * 
states that intermediate shapes are also found, though these are not 
figured. 

The forms bearing a much closer resemblance to 0 . birmanica are 
the lower Cretaceous forms from Tibet which Douvilie 6 7 has com- 
pared with O. buhjarica and 0. discoidea. These, according to him, 
constitute forms A and li of 0. buhjarica which is characteristic, of 
the Uppermost Barreniian. 


IV. CHEMICAL COMPOSITION OF THE TEST. 

Some obsei vations on the nature of the lest may be made, 

Although Douvilh* mentions that the test in the oi bitolincs is 

. . arenaceous 8 , no analyses staling the percentage 

Chemical analyses. r ... , . , . . 

of silica content arc given. Cotter' slates 

that the silica percentage in Orbitolina hbetien is 5-2G. Two analyses 

of the definitely conical (megalospheric) and the definitely discoidal 

individuals of Orbitolina binnanha , kuidly made, by Dr. JU K. Dutta 

1 Spedi/ione Itahana De 1’ilippi noil’ Hinmlaia, taracorum et Turkestan (Chinese, 
Fora min if ere del Calcaire gngio di Scivscivl (tago Piuicong), (1913-14), Her. 11, Vot. VJ, 
pp. 197-223, Pla. XXII and XXI11, (1928). 

2 Ibid, Pla. XX1J, figa. 5 and 6. 1*1. XX 111, fig. 4. 

8 Lee. cit., p. 354. 

4 hoc. cit., p. 198. 

• In Seven Hcdin, ‘ Southern Tibet,* pp. 145-146, Pla. IX, tig. 3 ; 1‘1. X, figa. 1-3, 
PI. XI, fig. 1. 

• BuU. Soc, (Jed. France, 4th ser., Vol. IV, p. 656. 

7 Lee. cit., p. 351. 



370 Records of the Geological Survey of India. [ Vol. 71. 


Koy in the Geological Survey Laboratory, gave the following per- 
centages : — 


— 

CaO. 

SiO a . 

AlgO. 

FojOj and 
A1,0,. 

Megalospherio form 


43-83 

16-30 

1-C2 

6-0 

Microspherio form 

• 

43-17 

14-88 

1 47 

4-08 


The slightly higher percentage of Fe 2 0 8 and A1 2 0 3 in the micros- 
phcric forms may perhaps be accounted for by their Iowot concave 
surface in which slight traces of extraneous material would remain 
adhering to the shell. In other respects the correspondence in the 
percentages of CaO, Si0 2 , etc., in the two forms is quite close, and 
the two analyses therefore confirm each other. 

By comparison with the above table the wide divergence in 
rcgaid to the chemical composition of the species from Burma and 
Tibet, which structurally appear to be allied, will be noticed. 0 . 
birminiea contains 15-30 per cent, silica, whereas according to analyses 
by Dr. W. A. K. Christie 1 the silica percentage in O. tibdiea is 
5-26, only one-third that in 0. birmanica. 

This confirms the conclusion arrived at by other workers re- 
garding the relative importance of the chemical composition and 
structural characters of the test in Foraminifcra, about which there 
is considerable divergence of opinion, I quote at length from 
Davies 2 , who referring to Chapman’s work on Foraminifera, wrote 

4 later it was emphasised that forms within this ‘ PatcUina ’ group had arena 
ceous or sub- arenaceous tests, while others were purely calcareous ; so as Carpenter 
had already minimised the importance of structural distinctions .... the way 
was opened for what appears to be an undue emphasis laid upon the chemical 
composition of the test , to the ignoring of physical structure. Nor is this all for 
the impossibility of retaining all these types within a single genus has led to re- 
sub-divisions of the group being made, and we find old generic names are now apt. 
to reappear in impossible connections. Thus Chapman first described certain 
new forms, which he found near Cairo, as 4 Patellina cegyptensis ’ 3 ; but afterwards, 
apparently because he found them to be sub- arenaceous, he referred them to 
4 Conulites axjypknsia ’ 4 \ 

1 In Cotter, Loc. cii. t p. 351. 

* Rec. Gcal, tiurv. lnd LIX, pp. 237-238, (1926). 

® Geol. Mag. Decade IV, Vol. VI [, p. 3, PI. II, figs. 1-3. (1900). 

4 The Foraminfera, p. 167, (1902). 
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Davies has further por ted out 1 that this — 

‘is manifestly wrong and it is easier to believe that the composition of tlu 
test varied in closely allied forms than that morphologically very similar types 
should be placed far apart on the mere grounds of the chemical composition of flic 
test \ 

Similar views have been expressed by Sohlumberger and Douville 2 . 
As the question is of importance and much general interest, I ma\ 
be permitted to quote them in full— 

‘ Les caractdres tircSe do la constitution du test sont d’importance tres diiTerentes ; 
tandis quo tous les naturulistes sont gcnemlement d’accord pour considetvr comme 
un caract6re dc premier ordro la nature pci force ou impcrforcc du test, la composi- 
tion meme de cc dernier , calcuire on chitmcuse et aremet'e , ne pa rail amir qu'une 
importance secondaire. On constate on eflet do grandest differences a cc p-nnt de 
\uo dans dcs formes tres voisinos et dont l’etroite parents n’c.st pas contestable*. 
II faut no voir I&, qu’un simple fait d’adaptalion a dcs conditions d’cxistcncc 
particu litres ; les formes nageuscs ont liormalcmcnt un lest calcaire tandis que 
les formes qui vivent sur le fond sont les hcuIch qui piii*sent cmpiunter a cc dcruici 
dcs nmt6riuux (Hrang&res et les utiliser pour la construction do leur maison : lc 

but poursuivi est bien cortaincment ici line economic dc matieic C\*lh) 

vn caracluc de pcijedioroument it qui nest que wcondam au point dr i uc de la cla**,- 
Juatwn dc lormcs tres voisinos commo les Alvcolina et les Lojtuwa pouvant prcWntrr 
les \mo un test poicelnnd, les antics un test arenac6 et reticule \ 

Tiie differences in the. chemical composition of the le.sf.s m (). 
hbetna and 0. bmminica arc therefore not such us would preclude 
their essential alii ni tv in stiuctural characters. 


V.— AGE OF THE ORBITOLINA * BEARING BEDS OF BURMA. 

Orbitolina binnanica being a new species, the question of the 
age, of the Orbitolina - bearing beds of Burma must rest either upon 
compaiisons with other forms of known ago or upon hthologu ,d 
similarities. The Cretaceous rocks nearest to the Orbitolina beds 
of Burma are those of the Arukan Yonia 3 , Assam, Kashmir and 
Tibet. Orbitolina has not been recorded from the former two areas, 
but it lias been recorded both from Kashmir and Tibet. kiiho- 
jogical comparisons between rocks of remote areas cannot lie al- 
together reliable, as we have seen in the ease of the (Yefaoemis 
rocks of Assam, though in the absence of fossil evidence or field 

1 TjOC. cit. , footnote, p. 238* 

8 Ball. Hoc. OeM. France . , 4"‘* Ser. Tome V, pp. 291, (1905). 

* As previously remarked, the presence of undoubted Crctacoous rocks in Mum an a 
has not yet been proved, though their occurrence there is more than probable. 
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data, tins remains the only available means of correlation. 
Comparisons with the other species of OrbitoUm show that 
0. bmnanica is closely allied to the forms referred by DouvilM to 
O. bulgarica from Tibet, which is a Lower Cretaceous (Uppermost 
Barremian) species. It is allied similar! to Orbit olina tibetica 
which, according to Cotter, is probably of the same age. 

On the basis of these comparisons, I would place Orbilolina 
bmnanica in the Lower Cretaceous and assign to it a probabk 
uppermost Barremian horizon. Tins implies the extension of the 
Lower Cretaceous sea of Tibet into the Burmese region. 


Carpenter 
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Chapman, F. . 
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VII.— EXPLANATION OP PLATES. 

(hbitoHva bimuimca , ftp. nov. 

Holntvpo, G. S. T. Tvpc No. 10345, tho remaining specimens bring paiutypew. 

Fi.vtk 29. Fiu 1. \ » *i t leal section through a microyphorio form x 16. G. S. I. 
Type No. 16333. 

lac. 2. Transverse section through a micros phene form passing 
above tho base, showing tho icgulur deposits »n of sepia 
neai the periphery, becoming iriegular towards the central 
region, x!6. G. >S. 1. Tyi e No. 10334. 

Fin. 3. Veitioal section through a megalospheric form with a com ex 
base. * 10. G. S. 1. Typo No. 10335. 

Fin. 4. Similar section through another slightly bjoadei individual. 
X 10. G. S. I. Tjpr No. 10330. 

Fin. 5. Transverse section through a somewhat depressed megalo- 
Hpheiie individual, XlO. (.1. S. I. Type No. 30337. 

Fin. 0. Oblique section through a megalosphei ic individual. XlO. 
G. S. 1. r rype No. 10338. 

Fio. 7. Upper surface, showing ex post'd concentric luinolUc. XlO. 
G. 8. 1. Typo No. 10344. 

1’j.atk 30, Fi<;. 1. Vertical sett ion through a microspherie form. X 10. G. S. I. 
Typo No. 1 0.339. 

Fin. 2. Similar nee lion through a relatively more conical microspherie 
form passing through the antral bo, -a. - 10. G. S. I. 

Type No. 16340. 

Fro. 3. Vertical section through a megalosphcric form with damaged 
lower surface. X 10. G. S. L. Type No. 10341. 

Fi<;. 4. Tr.nisxoise section through a microspherie individual, passing 
very near the base. X 16. G. S. I. Type No. 16342. 

Fin. 5. Oblique section through an incomplete megaloftpherio individual. 

X 16. U. S. I. Type No. 16343. 
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Fig. 6. Portion of specimen figured in Plate 29, fig. 2, enlarged showiim 
foreign bodien. X04. G. 8. I. Type No. 10334. 

Fms. 7, 7a. Microspheric form. X2. Cl. S. 1. Type Flo. 10314. 

Fuis, 8, 8a. Microspheric form. x‘2. ft. S. f. Typo Mo. IMP). 

Fuis. 9, 9a. An exceptionally large microspheric individual. X2 
G. S. I. Type No. 10340. 

Fins. 10, 10a. Microspherio fuini. G. S. J. Type No. 10:117. 

Fnis. II, I la. Young mierosphenc fonri. (!. S. 1. Type No. 10348, 

Fins. 12, 12a. Dorsal and lateral anjavts of a megcdospherie individual 

representing an almost perfect cone. G. 8. 1. Type No. 
10349. 

Fins. 13, 13a. Dorsal and lateral views of a megalospherie individual 
X2. G. 8. T. Type No. 10350. 

FiOlS, 14, 14a. Dorsal and lateral aspects of n megalosphorie form show- 
ing convex base. x2. G. S. I. Type No. 10351. 

Figs. 15-10. Similar views of two megalospheiie individuals x2. 

G. S. T. Typo Nos. 10352 and 10353 respectively. 

Figs. 17-19. Dorsal views of three microspheric individuals. > 2. 
G. 8. 1. Type Nos. 10354, 10355 and 10350 reepetively. 
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Note on rocks in the vicinity of Kyaukse, Burma. By 
E. L. G. Clegg, B.Sc. (Manch.), Superintending Geolo- 
gist, Geological Survey of India . 


1 Archaean 
Kyaukse. 


rocks of 


Datta’s division 
the Kyaukse rocks. 


of 


in Memoirs, Volume XXXIX, Part 2, p. 34 Lii Touche in 
discussing llie extent of the Archaean rocks states ~ 

4 On the eastern hunk (?>., of the Irrawaddy) the Paheozoic rocks of the Shan 
Plateau come right down to the pin ins of the Irrawaddy and the Archaean gneisses 
arc found to occur only in a few outlying hills rising 
abruptly from the alluvium, including the Sngyin hills, 
mainly t om posed of crystalline limestone, which is largely 
quariied ns a statuary marble, and Mandalay Hill which consists of the same 
marble traversed by veins of granite. 

The gneisses ap]»ear again at the foot of the plateau scalp at Kyaukse, where 
there arc large* marble quarries, 25 miles south of Mandalay and beyond this they 
form a continuous band from 12 miles upward in width along the edge of the 
Southern Shan plateau, extending to the sea near Moulmein.’ 

Sheet 93 (!;2. which includes Kyaukse, (21° 36' : 96° 10') was 
mapped bv Mr. P. N. Datta, during the field-season 1911-12. Mr. 

Datt-a divides the rocks of tin* eastern part of 
this area at the foot of the Shan Plateau 
north-east arid east of Kyaukse town into the 
following series in descending order — 

(1) Sandstones and quartzites — near Belin and between Belin 

and Kyaukse. 

(2) Argillites and Quartzites one mile east of Kyaukse. 

(3) Kinnaytaung limestone. 

(4) Ubantaung shale. 

(5) Dat-ta -taring limestone. 

(6) Smdelaung shale. 

Of the relationships between (1) and (2) Datta says 1 - 

‘Ay to the relationships of the sandstones and quartzites of the hills near Belin 
and between Belin and Kyaukse, as well of the argillites of the Kyaukse range : 

th(* argillites, i.e., the shales with sandstone bands since 
K *aukse°rockg S ^ * ran8 f onn °d into argillites and quartzites overlie the 
Kinnaytaung limestone. The sandstones of Indaung, 
Kyaungywa and Bolin would seem to form part of one and the same band and to 
overlie the Kyaukse argillites. The quartzites two miles E. by N. of Belin either 
form part of the Kyaukse argillites or of the sandstoneg of the Indaung hill ; and 
if the latter the Kyaukse shale band had evidentty thinned out considerably north- 
wards.’ 


Field Progress Report, Season 1911-12, p. 11. 
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Dftt-ta was unable to find any fossils in any of the rocks of the 
sedimentary series but placed them toutafcively iu tho Palaeozoic 
group. 

Of the Kyaukse gneiss Datta says 1 : — 

‘ Tho only outcrop of gneiss occurring in the urea under examination is that of 
the Kyaukse hill (21° 3fV 30" : 96° 10' 30*). The quostion is : - -was this crystalline 
mass originally granite*, since altered through earth movements into its present 
schistose condition, or was it originally intruded as gneiss, converting tho adjoining 
shales and limestones into argillites and marble, etc., pretty much as wo see them 
now V 

Now at the south-eastern extremity of the mass, i.e., by Tanda-u one mile south* 
oast of Kyaukse, the sediment a ries do not exhibit signs of any great caith disturl>- 
ance, the dips nearest tho edge of the gneiss being about 15° (which however is 
found to increase steadily to 30 as one proceeds along tho range eastwards). Tin* 
Indaung sandstones again (about one mile north of the Kyaukse gneiss) show no 
indication of any plication or crumpling, but exhibit a steady dip to N. by E. at 
about 20°. Hence there being in this neighbourhood no indications of any such 
great disturbance of the earth's crust here as could have converted a granite into a 
gneiss, it seems that the foliation of the mass was original and not induced later 
oil as a result of subsequent earth movements.’ 

Oil April 8th, in tho course of a journey to Mundalav, 1 stopped 
for a day at Kyaukse and examined the rocks east of the town and 
also some railway ballast quarries which exist close to the road at 
llelin, five miles north of Kyaukse. 

Of the former Datta states 2 : — 

‘ Near Kyaukse (21° 30/ 30" : 90 10' 30") — from the very eastern edge of the 
town rises a precipitous hill which jh seen to extend E.— W. as a range for about 
live miles. Tho high precipitous hill near the town constitutes the highest part 
of the range and is formed of a well-foliated f elspar - q u ar t z - biot ite gneiss bearing 
the pagoda with the trigonometrical station (height 975 feet), conspicuous for many 
a mile around. The remainder of the range, i.e., east of this gneissic mass, is com- 
posed of indurated micaceous sandy shale, grey thin banded quartzite, argillites, 
micaceous schist and crystalline limestone. The shale is almost unaltered in places, 
but in others it has been converted into an argillite and mica-schist. The crystal- 
line limestone is well seen about four rndes east/ of Kyaukse. The dip varies from 
15° to 30°.’ 

Of the latter Datta states 3 : — 

* The hill just S. E. of Belin (20° 40' 30" ; 96° 10' 30") is formed of a coarse reddiah 
sandstone rather thick-bedded with a dip of 20° to 30° north by east. On the 

1 Field Progress Report, Season 1911-12, p. IJ. 

2 Ibid., pp. 5-6. 

* Ibid., pp. 4-5, 
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northern part of the hill we find strings and veins of granite altering the associated 
roek into a quartzite. 

North -cast of the village is a high hill striking S. W. — N. E. Its south-western 
extremity, i.c., the part nearest the village, bears the trigonometrical station 940 
lent, high and is formed mostly of quartzites, with strings of granite, while the rest 
of tho range is due to granite.’ 


The Kyaukse granite or gneiss is undoubtedly intrusive into the 
■lies of sedimentary rocks which occur to the east as the strike of 
the gneissosity bands is north -south, whilst 
that of the sedimentary series is oast- west, 
their dip being north at about 20°. 


Kyaukse granite. 


Further, with regard to the sedimentary series, Datta’s descrip- 
tion of them as argillites and quartzites is not quite correct. Praeti- 

Indurated aedi.ne.it- call - v a11 tl,e r0f ' kti are calcareous. They 
ary rocks of Kyaukse consist, 200 yards east of the granite, of a 
series of well-bedded shaly limestones, very 
regular in character but with more sandy and shaly intercalations, 
the whole series weathering like calcareous gneisses. Some of the 
more solid limy bands have thicknesses up to four feet and the more 
shaly ones from G" to one foot, whilst individual bands of limestone 
vary from one inch upwards. Close to the granite the shales arc 
pliyllitic and at the contact include biotite-sohists. 

The main exposure of granite consists of quartz, felspar and 
biotite, large white felspars up to 6" in length being streaked out 
along the gneissosity planes into an augen structure. On the flank 
of the exposure bands of granite contain tourmaline. 

Quarrying at Belin was being carried out along the boundary of 
a granitic intrusion, granite underlying the alluvium to the west 
and tough metamorphosed calcareous sediments forming the hill 
to the east and apparently providing bub a thin covering to the granite 
intrusion, as granite forms the main mass of the hill to the north- 
cast. These sediments were of a much higher grade of metamor- 
phism than those seen east of the Kyaukse granite and consisted of 
white marble, diopside-granulites, hornblende (actinolite)-gneiss and 
a dark greenish rock rich in epidofcc and diopside, whilst those east 
of Kyaukse consisted of cale-sericite-schists remote from the granite 
and a biotite-gneiss on the contact. The contact was not opened up 
as at Belin or possibly similar rocks to those at Belin would also 
have been found. 
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However that may be, there seems little doubt that Datta was 
quite correct in regarding the rocks of the area as a series of Palaeozoic 
or later rocks intruded by granites and that 

of A the Kyaukse ^rocks! La Toucho erred in regarding the gneisses as 
of Archaean age. 

Datta’s limestones pass northwards into the Plateau Limestones 
of La Touche; and if the metamorphosed series of calcareous sediments 
are, as Datta says, younger than the limestones, then the granitic 
intrusions must be post-Plateau Limestone in age and therefore 
probably Mesozoic. 

A continuation of the strike, of the limestones as mapped by Datta 
in sheets 93 C/2 and 93 C/3 to the south takes them into Plateau 
Limestones of the Kalaw area in sheets 93 D/5 and 9. "Further to 
the south Sondhi has mapped Coal Measures (Jurassic) overlyiug 
the Plateau Limestones in sheet 93 D/7 and granites intrusive into 
the same Coal Measures in sheet 93 D/12. The possibility exists 
therefore that the indurated calcareous sediments of the Kyaukse 
area, which are stated by Datta to overlie the massive limestones, 
were originally Coal Measures of the Shan States sequence. Tf 
this turns out to be correct then the age of the Kyaukse granite 
must be post-Jurassic. 
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A Mesozoic coniferous wood ( Mesembrioxylon shanense, 

Sp. nov), FROM THE SOUTHERN SHAN STATES OF BURMA. 
Bv B. Sahni, Sc.D., F.R.S., Professor of Botany, Luckjiovo 
University. (With Plate 3 1 .) 
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I. — INTRODUCTION. 

The following description is based upon a solitary specimen of 
silicified wood from the Loi-an series of Burma, kindly sent to mo 
for investigation by the Director of the Geological Survey of India. 
Allhough by no means well preserved the specimen is described 
mi some detail because, so far as I know, this is the only coniferous 
wood hitherto discovered in Burma. A number of vegetative shoots 
preserved as impressions have been described recently from the 
same series of strata. 1 The Loi-an series is regarded by the Survey 
as Jurassic, and the evidence ot this fossil is not inconsistent with 
this view. 

II.- DESCRIPTION. 

The specimen is about 5 cm. long and 6-5 cm. in diameter. The 
pith is very eccentrically placed, but this is probably due to the 
incomplete preservation of the secondary wood on one side. In 
a naked eye examination there is a faint suggestion of growth-rings, 
but these are scarcely visible under the microscope. The pith is 
well preserved, but the wood shows the pitting only sporadically. 

Transverse section . — The pith, 1-6 min. wide, consists mostly of 
thin-walled isodianietric cells, among which a number of large 

1 8uhm, B., Pal, Inti., N. S., Vol. XI, Pt. I, (1928), Brachyphyllnm up., p. 22, 
pi. II, lig. 26 a-, Pagiophylhtvi hurinense, p. 25, pi. II, fig. 266 ; pi. IV, figs. 48-51; 
Oupressinodadn# (? Thuites) vxilkeri , p. 20, pi. IV, figs. R 2-67, pi. V, fig. 00; Cvprt Asi- 
oc Indus hurmtvsis, p. 28, pi. IV, figs. 58-69, 
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6tone-cells are scattered. About twenty-three primary xylem 
bundles project as rounded angles into the pith, giving the latter 
a stellate appearance (Plate 31, fig. 1). The narrowest tracheids are 
endarcli, but their sculpturing is not preserved. The average 
diameter of the tracheids in the secondary wood is *03 mm. The 
preservation is too poor to show in the transverse section of the wood 
either the pittings of the tracheids or the structure of the medullary 
rays. 

Tangential section. The tangential section (Plate 31, fig. 2) shows 
that the medullary rays are all uniseriate and as a rule one to two 
cells high. The highest ray observed is four cells. The cells appear 
laterally compressed and elliptic in section. No tangential pits 
have been seen, but the preservation is too bad to make it certain 
that they were absent. 

Radial section. Plate 31, fig. 3 shows a radial section passing 
through two protoxylem bundles, witli the pith between. Portions 
of the primary metaxylem and the secondary wood are also seen. 
The thin-walled cells of the pith, as a rule isodiametric, are sometimes 
considerably longer than broad ; they usually have transverse end- 
walls. The stone-cells are of simple shape and usually about two 
or three times as large as the ordinary cells of the pith ; their walls 
are moderately thick, leaving a lumen about half the diameter of 
the cell (Plate 31, figs. 3, 6 ; text-fig. 3). The sculpturing of the 
protoxylem is not preserved. The radial pits .of the secondary 
tracheids, rarely preserved, are uniseriate, circular and separate 
(Plate 31, fig. 4 ; text-fig. 1). The pore may be either circular, or 
elliptic and oblique. The pits in the field, visible only in a few 
medullary rays, are large borderless pits of the type of eiporen, 
one or at most two in each field (Plate 31, fig. 5 ; text-fig. 2). Mosf 
of the tracheids show a deceptive appearance of thick dark coloured 
transverse septa ; this is due to the presence of quantities of resin 
which occurs in the form of plates or spools with a convex or con- 
cave meniscus (Plate 31, figs. 2, 3). Although it is possible that 
here and there parenchymatous cells with transverse end-walls 
may be present, I have not found any undoubted cells of this nature. 

Systematic 'position. The structure of the wood corresponds most 
nearly to the diagnosis of the genus Mesembrioxylon Seward. 1 This 
admittedly artificial genus was founded to include woods previously 

1 Seward, A. C., Fossil plants, Vol. IV, Cambridge, p. 203, (1019). 
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described under Podocarpoxylon Gofchan, Phyllocladoxylon Gothan 
and Parap/iyllocladoxylon Holden. Our species shows a combina- 
tion of characters which is not found in any other wood known to 
me. Its chief distinctive features are the faintly visible growth- 
rings combined with the very low medullary rays, the eiporen, the 
very numerous resin plates in the tracheids and the large stone cells 
in the pith. 


Mesennbrioxylon shanense , sp. nov. 

Diagnosis. Growth-rings scarcely visible under the microscope ; 
resin canals absent, but numerous resin plates or spools in the 
tracheids ; wood parenchyma not seen. Pith parenchymatous with 
scattered stone cells, surrounded by numerous endarch primary 
bundles. Kadial pits uniseriate, circular, separate, pore round or 
elliptic and oblique. Medullary rays uniseriate, very low', usually 
1-2 cells high, cells laterally compressed, pits in the field one (rarely 
two) large, borderless (Eiporen). 

Locality. — In the railway cutting half a mile east of Loi-an 
station, near lvalaw, Southern Shan States. Collected by l)r. L. A. 
N. Iyer, Geological Survey of India. 

Horizon.- Loi-an Series. 

G. S. I. Type No.- 10358. 

Compai [sons.— In individual features our wood resembles several 
species, e.g ., M. m schwend(B (Kub.) Sew. 1 from the Cretaceous or 
Tertiary of Austria ; M. gothani (Stopes) Sew. 2 from the Aptian 
of England ; M. parthasarathyi Sahni 3 from the Upper Gondwanas 
(Jurassic) of Southern India ; M. malerianum Sahni 4 from beds in 
itewah, Central India, which most probably also belong to the Upper 
Gondwanas 5 and M. sewardi , Sahni® from the Walloon series 
(Jurassic) of Queensland. In the first three and in the last named 
species the pith has been found preserved, and in all cases it contains 
sclerotic cells, but there are several points of difference. Thus in 
the Madras species the medullary rays are much higher and the 

i Howard, A. C., Fossil Plants, Vol. IV, p. 209, (1919); Kubart, B. Oesi. Bet. 
Zeitschr., LX1 (5), p. 161, (1911). 

•Howard, A. C., Loc. cit. 9 p. 207, (1919); Stopes, M. C. Brit. Mas. Catalogue, 
p.228, (1915). • 

• Sahni, B., Pal. Ind. 9 N. S„ Vol. XI, Pt. II, p. 60, (1931). 

*Jbid., p. 63. 

• Ibid ., p. 115. 

• Sahni, B., Queensland Oeol. Surv. Publication No. 267, p. 23, (1920). 
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field pits are, not eiporen. M. gothani seems a little closer to our 
species, but the rays are somewhat higher, while the pits in the 
field are not so large and are oval in shape ; moreover, the ordinary 
cells of the pith, apart from the stone cells, are rather thickwalled. 

-In M. schwvndce the medullary lays are highe M and the field pits are 
usually bordered, with an obliquely vertical pore, though sometimes 
there is a single large eipore. M. maleriunwn resembles our plant 
in its very low medullary rays, but has several bordered pits in each 
field. Lastly. M. sewardt has in each field a single large circular 
eipore, resin spools in the tracheids and low medullary rays- -features 
in Which it approaches M . sfumeme. But- the two species are very 
different in the structure of the pith, which in the Australian form 
consists entirely of thickwalled cells. 

M. sewardi , moreover, has very sharply defined growth rings, 
even the spring and autumn wood within each ring being clearly 
marked off from one another. 

III.— AFFINITIES. 

In the first place we might enquire if this wood can have belonged 
to any of the conifers whose vegetative shoots have been described 
from the Loi-an series. A correlation of fossil woods with detached 
vegetative shoots must always remain a matter of uncertainty, 

because inevitably our genera have to be more or less artificial. The 
wood genus Alesentbrioxylon , as Professor Sir A. C. Seward bus 

cloarly stated, 1 

* undoubtedly includes species which if additional data were available would 
be assigned to distinct genera 

Although, thanks chiefly to the, work ot Professor Gotha n, our 
knowledge of coniferous woods is now sufficiently advanced to make 
it highly probable that Mesembrioxyl is pre-eminently a genus 
of Podocarpinean conifers, we must not forget that this genus some- 
times grades into Cti'piesmonxylon in such a way as to make the 

distinction almost vanish. In dealing with these borderline species 
the only helpful criterion lies in the medullary ray pits of the spring 
wood, 

* the pore being narrow' and more or less vertical in M esembriox ylon (“ podo- 
carpoid pitting ’’ of Gothan), wider and more nearly horizontal in CvprcsaimxylvH 
(“ cupressoid pitting ” of Gothan) 

i Seward, A. t'., Ko^sil Plants, Vol. IV, p. 206, (1019). 

* Sakai, B., Vat. Jnd.f i\. S., Vol. XI, Ft. II, p. 53, 
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This criterion can only l>e usefully employed in well preserved 
specimens in which the- spring wood is available. Our specimen 
is neither well preserved nor has well marked growth -rings. But 
fortunately the critical character of the medullary ray pits is quite 
well seen: wherever the pits in the field are preserved, at all they 
are clearly of the type of eiporen, that is, large, borderless pits, 
in which the question of the vertical or horizontal position of a Blit 
does not arise. That section of Me#ewbruwylun in which the field 
pits are of this type seems to l>elong to the Podocarpinea* rather 
than to the Cupressinea\ Sclerotic cells in the pith are also a well 
marked character of the Podocurpinem. Our .specimen is therefore 
most prolxtbly the nood of a podocarp. 

As regards tin* vegetative shoots, two of the four species were 
referred to ('upressionocUuhts (( Thuite a), one to Pagiophylluvt ami 
one to Bnwhphylhuv . Tin* probable affinities of these shoots 
have already been discussed elsewhere . 1 Only the first-named 
genus can be assigned with any confidence to a known family, namely 
the Cupressmea*, and it seems out of the question that our wood 
should belong to that group. One or two species of the genus Brochy- 
pftylluw possibly belong to araucarian conifers but the affinities 
of the majority of species are quite unknown; some of them may 
well be kodoearpineic. PuyiopkyUunt is an equally artificial group, 
among which members of more than one family are almost certainly 
represented ; and it is not impossible, though of course we hu*e 
no proof, that Mewvibriojryluv shwvntse belonged to PayiuphylJum 
hurmevse . Without further data, however, these discussions are 
rather futile. 

The upshot is that our fossil, the only petrified conifer yet known 
from Burma, is very probably the wood of a podocarp which ma\ 
or may not have belonged to one of the species ot \egetative shoot* 
described from the same region. As we shall see presently, the 
question of the affinities of the plant is important from the geogra- 
phical point of view. 

IV. PALAEOGEOGRAPH1CAL CONSIDERATIONS. 

It would be interesting to know whether the affinities of our* 
fossil lie more with some species from the Far East, or with members 
of the tlondwima ffora. PalaeobotanicaJ evidence clearly suggests 

» Sahni, B., Pal Ind. t X. 8., Vol. XI, Pt. 11, p. m, (1031). 
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that during the early Mesozoic era Szechuan, Yunnan, and Tonkin 
formed parts of a botanical province rather distinct from Gondwana 
Land. 1 About the distinctness of these two provinces in the late 
Palaeozoic there is no doubt whatever : this is shown by the great 
contrast between the Glossopteris flora of L lia and Australia and 
the Gigantopteris flora of China and regions further south. It was 
this palaeobotanical contrast which first suggested that the two 
regions must have been originally separated by an ocean barrier ; 2 
and the belt of marine sediments in the meridional range of 
mountains in the Assam-Burma-Malaya region must obviously have 
formed the barrier in question. Towards the end of the Palaeozoic 
and the early Mesozoic the barrier appears to have become less 
effective : the sharp contrasts of the earlier floras were not main- 
tained. It is a significant fact that the mountain belt in Burma 
lies west of the Shan plateau, which therefore cannot have formed 
a part of Gondwana Land. Detailed work on the fossil floras of the 
Shan States should probably confirm this suspicion, already 
suggested in 1931 3 by the affinities of some of the conifer shoots 
from the Loi-an series. In fact all the available geological evidence, 
recently summarized by Wadia, 4 seems clearly to go in support of 
this view. 

The above considerations suggest that this fossil wood from 
East Burma should be compared with any species of Mesozoic conifers 
that may be found in China and Japan or in other parts east of the 
meridional mountain belt of Burma-Malaya. I am not aware of 
any fossil woods of the Mesembrioxylon type yet described from the 
Far East, but our knowledge of petrifactions from that region is 
still very imperfect. 


V.- GEOLOGICAL AGE. 

As stated, the genus Mesembrioxylon was founded to include 
woods previously described under Podocarpoxylon Gotlian, Phyllo- 
eladoxylon Gothan and ParaphyUocladoxylon Holden. These 
genera, taken together, range in geological age from the Jurassic 
to the Tertiary. 5 The new species therefore does not contradict a 
Jurassic age for the beds in which it was found. 

1 Sahni, B., Joum . Jnd. Bot. Soc. t October 1936. • 

* Halle, T. G., Palceont. Sinica , Ser. A, 2(i), pp. 288-290, (1927). 

* Sahni, B., Pal. Ind. t N. 8., Vol. XI, Pt. II, pp. 116-117, (1931). 

« Wadia, D. N., Himalayan Journal , Vol. VIII, pp. 63-68, (1936). 

* Seward, A. 0., Fossil Plants, Vol. IV, p. 173, (1919). 
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VI.— SUMMARY AND CONCLUSIONS. 

This new species of Mesembrioxyhn from the Loi-an series, 
probably the wood of one of the PodocarpineiB, is characterised by 
poorly marked growth-rings, very low medullary rays, large eiporen 
in the field, numerous resin plates in the tracheids and a thin-walled 
pith containing large scattered stone cells. 

The only fossil conifers previously known from this area were 
a few vegetative shoots collected in the same series of strata. 

The Podocarpine© may be represented among these shoots but 
we cannot say this for certain, as some of the shoots belong to highly 
artificial genera ( Braehyphyllum , Pagiophyllum). Whether the fossil 
wood belonged to the same species or genus of conifers as one of 
these shoots must therefore also remain an open question. 

Although poorly preserved, the fossil is of interest as the first 
petrified conifer to be found in Burma, a region of considerables 
importance from the plant-geographical point of view. Previous 
work on the flora of the Loi-an scries and of the adjoining regions 
of China and Indo-China has suggested that Eastern Burma during 
the Palaeozoic and early Mesozoic had more affinity with the Far- 
Eastern botanical province than with Gondwana Land. The 
affinities of the new species are not clear but its geographical position 
suggests that it will probably turn out to be related to an oriental 
type rather than to one from the Gondwana s. 

The genus Mesembrioxyhn ranges in age from Jurassic to Recent. 
The occurrence of M. skanense in the Loi-an series does not con- 
tradict a Jurassic age suggested for these beds on other grounds. 

My thanks are due to Mr. K. N. Kaul, M.Sc., for the photographs 
and camera-lucida sketches illustrating this paper. 

VII. — BIBLIOGRAPHY. 

Halle, T. G. (1927) . Pal©ozoic plants from Central Shansi. 

Paloeont. Sinica , Ser. A, 2(i), pp. 
1-316. 

Kurart, B. (1911) . . Podocarpoxylon Schicendoe . (Jest. But. 

Zeitschr. LXI (5), pp. 161-177. 

Sahni, B. (1920) . . Petrified plant remains from the 

Queensland Mesozoic and Tertiary 
formations. Queensland (Jeol. Surv. 

Publication No. 267. 



388 


Records of ike Geological Survey of India. 


[Vol. 71. 


Sahni, B. (1928) 


8AHNr, B. (1931) 


Sahni, B. (1935) 


Saiini, B. (1930) 


Sewaiu), A. (1919) 
Stocks, M. C. (1915) 

Wadia, D. N. (1930) 


Revisions of Indian Fossil Plants, Pa it 

I Coniferales (a. Impressions and 

Incrustations). Pa]. I ml., N. S., 

Vol. XI, pp. 1-50. 

Revisions of Indi. a Fossil Plants, Part 

II Coniferales ( b . Petrifactions). 

Ibid., Vol. XI, pp. 51-124. 

Permo-carboniferous Life Provinces, 
with special reference to India. 

Current Science. Doc. 1935, pp. 385- 
390. 

Wegener’s theory of continental drift, 
in the light of palaeobotanical evi- 
dence. . Jorum, lml. Bo/. Soc., Oct . 
1930, Vol. XV, Ko. 5, pp. 319-332. 
Fossil Plants, Vol. IV. 

The Cretaceous Flora. But. Mum. 
Catalogue. 

The trend -line of the Himalaya, its 

X.W. and S.K. limits. Himalayan 
Journal, Vol. VIII, pp. 03-58. 


VIII. — EXPLANATION OF PLATE. 

All the figures are untouched photographs. The t\p specimen 
and figured sections are preserved a I the Geological Suivey of India, 
Calculta (Registered (J. >S. 1. Type Xo. 1 035 S). 


M esetnbri o.t ylon shanensr. sp. tiov. 

Pi.aTtc 31, Pic. 1. Transverse section allowing pith with stone cells, entiaivh 
protoxylem and wood de\ oid of growth-rings. (\ 35). 
Pici. 2. Tangential section showing low medullary rays and resin plates 
m tracheids. (.. 200). 

Fju. 3. Radial section through j>ith and early wood. ( 32). 

Flo. 4. Radial section showing bordered pits and resin plates in 
tracheids. (x ca. 000). • 

Fig. 5. Radial section to show' eiporen in medullary ray. (x ca. 500). 
Fig. 6 . Radial section to show’ structure of pith, (x 121). 
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Some Foraminifera from Intertrappean beds near Rajah- 
mundry. By S. R. Narayana Rao., M.A., AND K. 
SRIPADA Rao, M.Sc., Department of Geology, University 
of Mysore. (With Plates 32 and 33.) 
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I.— INTRODUCTION. 

The material used in tlx* present report was collected from flic 
following localities : — 

Pauqadi . — A village about eight miles to the west of Rajahmuiidrv. 
The samples examined consist of: — 

1. A blue calcareous mail, occurring as a tolerably persistent 

seam at the topmost horizon of the inter-trappean series 
in this region. The bed varies in thickness from a few 
inches to nearly a foot. It is crowded with marine 
shells and the liner siftings show calcite casts as well 
as the * actual tests of foraminifera. 

2. A compact, hard, fossiliforous limestone which attains a 

thickness of 12 ft. and probably more. This limestone 
is rich in foraminifera 1 and algal remains— the latter 
represented by three to four genera of the family Dasycla - 
daccae. 1 In this compact limestone, the separation of 
tin* foraminifera from the matrix is almost impossible 
and many of the identifications had to be made from 
thin sections. However, on the weathered surfaces of 
these limestones, the tests of foraminifera may some- 
times be seen protruding and their external characters 
made out. 

• 

1 Two of ihenc — Neoineria and Acici(l<tria-~Rre abundant at certain horizons ami 
Kccm to have contributed materially to the formation of the limestone* A joint pa| or 
(J. Pin, S. P. N. Buo and K . Rao) deaenhing the Rajahmundry micro-flora will 
appeal elsewhere. 
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Kateru . — A village on the eastern bank of the Godavari about 
three miles north of Rajahmundry town. The sample examined 
consists of a green calcareous mud with abundant remains of Cham 
fruits. The finer washings show occasionally, well-preserved, though 
very much dwarfed, forms of foraminifera. Many of these forms 
are identical with those occurring in the Pungadi blue marl. It is 
evident that the Kateru Chara marl and associated limestones were 
deposited at the mouth of an estuary, which was in communication 
with the open sea in which the marine Pungadi limestones were 
formed. 

The Rajahmundry beds must have been deposited during the 
great marine transgression which, in the words of Dr. C. S. Fox. 1 

1 Appears to have attained its maximum extent about the time of the eruption 
of the basaltic lavas (the Deccan volcanic period) in the Peninsular region of India.’ 

The marine micro-fauna of Rajahmundry is therefore of more 
than usual interest and a detailed study may be of considerable help 
in establishing the stratigraphical relations of these beds with those 
of other areas of the southern marine province. 

The present report has no pretensions to completeness and is 
intended to serve as a basis for future work. More data have still 
to be collected before any very satisfactory conclusions can be drawn 
regarding the age of the deposits or the depths at which they were 
formed. The fauna, so far identified, without being specially indi- 
cative, is not inconsistent with the following general conclusions. 

(1) The sea in which the oceanic deposits of the Pungadi area 
were formed gave place, in its slow regression, to gulf and estuarine 
conditions. The Pungadi marl (the topmost horizon of the marine 
intcr-trappean series) and the Kateru Chara marl were simultane- 
ously deposited when the estuarine conditions were established. 
The abundant occurrence of typical pelagic forms like Orbulina and 
Sphawoidinella in the lower horizons of the Pungadi limestones, 
indicates that the physical geography during the Intertrappean 
period started with marine conditions of moderate depth. Tho 
deposits were probably formed very near the land, for there is a 
complete absence of siliceous remains like those of radiolaria. This, 
according to Brady 2 , is inconsistent with the occurrence of deep 
oceanic deposits far from land. " 

1 Eec. Oeol. Surv. Ind ., LXIII, p. 187, (1930). 

• Brady, H. B., Quart. Jmm. Oeol. Soc. t Vol. 48, p. 197, (1892). 
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Regarding the age of the beds, there arc few restricted forms 
which can be definitely assigned to any horizon. It is however 
significant that typical Cretaceous forms like Pseudotejiularia , 
Gilmhelina and Globigerina cretacea are either very rare, or altogether 
absent. On the other hand forms like Orbit o'uliae and Numwuliles , 
typical of the warm seas of the Eocene age, arc also absent. Accord- 
ing to data now available, the evidence of the foraminifera seems 
to be in favour of using the name Pakeocene. 

We desires to take this opportunity of recording our indebted- 
ness to Mr. F. Chapman, A.L.S., F.R.M.S., Commonwealth Paleonto- 
logist of Australia, who kindly checked our identifications. Our 
thanks are also due to Prof. L. Rama Rao, M.A., F.G.S. Central 
College, Bangalore, for aid in the preparation of this paper and 
to the Director, Geological Survey of India, for his kindness in helping 
us with literature. 


II. — 1 DESCRIPTIONS. 

FAMILY : MILIOLIDAE 1 

Genus : SlGMOILINA, Schlumberger. 

Siymoilim , several species. Though several species are repre- 
sented in thin sections of Pungadi limestone, sections satisfactory 

for a specific; determination are not found. G. S. I. No. K 40/218. 

• 

Genus : TriL 0CULINA, d’Orb. 

Triloculim a if. Icevigata , d’Orb. 

(Plate 32, figs. 1 and 9.) 

The exterior of the test is composed of but three chambers coded 
end to end. Early chambers arc quinqueloculine. Length from 
0-r> mm. to 0-3 mm. Found in the Pungadi limestones. G. S. I. 
No. K 40/249. 

Family : LAGENIDAE. 

» 

Genus : RoBULCJS, Montfort. (CRISTELLARIA of many authors.) 

1 The clarification and naming adopted is that followed by Cushman in his 
1 Foraminifera — their classification and economic uses, 1933,' 
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Hob ulus sp. indet. 

(Text fig. 1.) 

A dwarf form. Test nautiloid, compressed, with well developed 
keel. Rounded knobs along the periphery. Wall smooth, chambers 
numerous, costa* and umboind region rais I, aperture elongate. 



FlO. 1 . — Jtobulus sp. indet. 

Diameter 0-27 mm. H. fomosus , figured by Cushman, 1 most nearly 
resembles our specimen. H. fomosus differs in having peripheral 
spines instead of knobs and being much bigger in size. G. S. [. 
No. K 40/250. 

Robulus cf. occidentulis. 

(Plate 32, fig. 8, text-fig. 2.) 

The keel is thin and transparent. The walls 'of the chambers 
are porcellanous. This agrees very closely with H. occidentalism 
described and figured by Cushman from Jamaica. 



Fig. 2. — Robulut of. orndputaUs. 

Bushman, J. A. A Jarvis, P. W., Jour. Pol.. Vol. 4, p. 358, and PI. 32, fig. 10, 
(1930). 

8 Cushman, J. A, & Jarvis, P. W., Jour. Pnl. r Vol. 4, p. 357, (1930). 
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Both the above species show marked affinities with known 
Tertiary species. They are found very commonly in the Puugndi 
marl and Kateru Chara marl. G. S. I. No. K 40/251. 


Genus : NoDOSARIA. 

Nodosa ria zippei, lieuss. 

(Plate 32, fig. 2.) 

A. single segment of this species was noticed in one of the sections 
from the Pungadi limestone. Wall calcareous, tubereulate. Diameter 
of a segment, 0-3 mm. This species is regarded by Chapman 1 as a 
restricted form found invariably in the upper Cretaceous. G. S. I. 
No. K 40/252. 


Family : NONIONIDAE. 

Genus : Nonion, Monlfort (Syn. Nonionina, d’Orb.). 

Non ion sp. bidet. 

(Plate 32, tig. 5.) 

Test nautiloid, bilaterally symmetrical, with numerous chambers 
Wall perforate. Maximum diameter noticed 0*2 mm. This species 
appears to be identical with Nonionina sp., a Paheoceno foramiui- 
fera from the Santana Range. figured and described by Lt.-C'ol, 
Davies. 2 The Samana fossil is slightly uncoiled which, according 
to Cushman, is characteristic of the adult form of this genus. G. S. 1. 
No. K 40/253. 


Family : HETE ROH ELI C 'l DAE. 

Genus : Gf mbelina, Egger. (Textularia of some authors). 
(iumbelina glob if era, Reuss. 

(Plate 32, fig. 6.) 

Test minute as is the case with this species ; tapering, biserial, 
with round chambers. Length, 0*5 mm. There is a single specimen 
in our collection. G. $. I. No. K 40/254. 
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Family : GLOB1GERIN1DAE . 

Genua : Orbulina, d’Orb. 

Orbulina cf. 0. universa , d^'rb. 

(Plate 32, fig. 7.) 

The teat is spherical, with the earlier chambers missing. 
Diameter of test, 0*3 mm. This specimen resembles 0. universa 
described and figured by Galloway and Morrey. 1 Regarding tliis 
genus, Galloway 2 writes, “ Test spherical in the adult, completely 
embracing a globigerinoid nucleoconch in the microspheric form 
which is missing in the mcgasphcric form, and possibly at other 
times by resorption Orbulina is a typical pelagic foraminifera 
and is restricted to Tertiary and later formations. This species is 
very common in the Pungadi region. G. S. I. No. K 40/255. 


Genus: Spheroidinella, Cushman. 

Spheroidinella sp. 

(Plate 33, figs. 1 & 2.) 

Test ovoid and inflated. Wall hyaline and coarsely perforate. 
Diameter of test, 0*6 mm. Diameter of pores, 0*02 mm. nearly. 
This also is a pelagic form quite frequent in the Pungadi limestones. 
G. S. I. No. K 40/256. 

Family : GLOBOROTALWAE . 

Genus : Globotruncana, Cushman. (Disoorbina and Rotalia of some 

authors.) 

Globotruncana sp. 

(Plate 33, figs. 11 & 12.) 

Chambers globose, and cancellated. Much eroded fragments of 
these were noticed and a specific determination is not possible. G. 
S. I. No. K 40/257. 

• 

1 Galloway, J. J. & Margaret Morrey., Jour. Pal,, Vol. 5, No. 4, p. 349, PL 40, 
tig. 1, (1931). 

* Galloway, J. J., A manual of Foraminifera, p. 333, (1933), 
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Genus : Globorotalia, Cushman. 

Globorotalia cf. G. menardii , d'Orb. 1 

(Plate 32, fig. 4.) 

Dorsal side of the test is strongly convex while the ventral side 
is slightly concave. Peripheral margin thin, wall calcareous and 
perforate. The tests are minute and more than one species is re- 
presented in the finer washings of the Pungadi and Kateru marls, 
G. S. I. No. K 40/258. 

Family : ANOMAL1N l DAE. 

Genus : Anomalim. 


Anomalina rudio, Keuss. 

(Plate 32, fig. 3.) 

Test much compressed with numerous chambers. This is a 
shallow water species restricted to the higher levels of the Pungadi 
limestones. G. S. I. No. K 40/259. 
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IV.— EXPLANATION OF PLATE3. 

Plate 32, Fig. 1. Tril-oculina aff. laevigata. X 100. G. S. 1. No. K 40/240. 

Fig. 2. Nodosaria zippei , a single segment. X 100. CL S. T. No. 

K 40/252. 

Fia. 3. Anomalina radio Reuss. X 50. G. 8. I. No. K 40/250. 

Fia. 4. Qloborotalia ef. Q. Menardii , d’Orb. X 100. G. >S. 1. No. 
K 40/258. 

Fin. 5. X onion sp. ind. X 120. G. S. I. No. K 40/253. 

Flu. 6. (JUmbelina ghdrifora , Roush. x 150. G S. 1. No. K 40/254. 
FiOi 7. Orbuliva off. O. u ni versa. x 100. G. S. J. No. K 10/255. 

Flu. 8. JtfjbuJva cf. It. occidrntalis, by reflected light. X 80. G. N. 1. 
No. lv 40/251. 

Fig. 0. Triloculina nff. lev, cigala, by reflected light.. X 60. G. »S. 1. 

No. K 40/249. 

Plate 33, Fiu. 1. A section of Pungadi limestone showing Sphe.ro id rneUa sp., 
Qlobotrunc/zna sp., and fragments of calcareous alga, Aciru- 
laria. X 80. G. S. I. No. K 40/256. 

Fiu. 2. A section of Pungadi limestone showing Spheroidinella sp., Qlobo - 
trunrana sp., and tho calcareous algic Neomeris and Acicu - 
laria. X 50. G. S. I. No. K 40/257. 
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HolosporeUa cf. H. siamensis, PlA, FROM THE Rajahmundry 
Limestones. By S. R. Narayana Rao, M. A., and 
K. Sripada Rao, M. Sc., Department of Geology, 
University of Mysore. 


Holosporella . a name introduced by Dr. Julius Pia 1 for a new 
genus of calcareous alga of the family Dasycladaceae , hitherto known 
from a single locality, has recently been found in the limestones 
associated with the Rajahmundry volcanics (Deccan trap scries) 
near Pungadi (17° 01' : 81° 39') — a village about 8 miles to the 
west of Rajahmundry town. 

HolosporeUa siamensis , Pia., the original species on which the 
genus is founded, was figured and described by Dr. J. Pia in 1930, 
from the Kamawkala limestone (Upper Triassic) collected from 
the Burmo-Siamese frontier. He described the Siamese fossil 
as a “ sporangial tube of a Dasycladaceae otherwise devoid of calci- 
fication.” The sporangial cylinder in this genus, is, according to 
him, formed of sporangia situated in the axial cell of the alga and 
hence its description as an ‘ endospore ’ Dasycladaceae. The 
presence of an axial perforation distinguishes this new genus from 
Aciculella and Acjcularia , while the absence of the calcareous skele- 
ton or casing distinguishes it from Diplop or a. An ( endospore ' 
axial cell is considered to be a primitive character found more 
commonly in the Palaeozoic and Mesozoic genera. 

A noteworthy feature of the Triassic Dasycladaceae is their limit- 
ed vertical range. Species appear to have changed with great 
rapidity. The unexpected find, therefore, of a Triassic species in 
beds as high as the Deccan volcanic period is of considerable 
interest. 

The matrix in which the present specimen is imbedded is an 
extremely hard, compact limestone. Foraminifera and calcareous 
algae, chiefly Neomeris and Adcularia f have contributed in no small 
measure to the formation of this limestone. HolosporeUa is very 
rare and even then rejfrcsented by a few small fragments. VVe may 

1 Bee. Oeol. Surv. Ind., LXIU, pp. 177-181,(1930). 

E 2 
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probably account for the rarity of this genus in a fossil condition 
to the absence of a protective casing of lime, which is well develop- 
ed in some forms like Neomeris and Diplopora, enormously increas- 
ing their chance of preservation. 

The following description is based on slide G. S. I. No, K 40/260. 

Description . 

Holosporella cf. siamensis. 

Thallus cylindrical with a relatively broad axial tube. Wall 
fairly thick with a single row of spherical sporangia. The calcare- 
ous matter filling the cavity is crystalline, while the sporangial 
cavities are filled with a dark opaque matter probably carbonace- 
ous in character. 1 



Jfm. I . — Holoifxnclla cf. mamensis. 


Measurements. 


Outer diameter of cylinder 
Diameter of central perforation 
Diameter of glob uIch . 
Thickness of membrane . 


Holosporella Holosporella 

from Hajahimindry. siamensis. 

. about 0*51 mm. about 0*4mm. 

. about 0-21 mm. about 0*15mm. 

0*12— *0*1 fimm. about 0-21mni. 

about 0*0 1mm. about 0 01mm, 


* Pin, J., Jovr. Pal . , Vol. 10, p. 0, (1936). 
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Part 4.] Rao & II ao : Holosporella from Rajahmutulry . 

Remarks . — In its perforated thallus and the absence of the outer 
skeleton encasing the axial cell, the Rajahmundry fossil agrees 
with Dr. Pia’s definition of the genus Holosporella. In general 
appearance and dimensions, it appears to be specifically identical 
With the Siamese fossil. Dr. Pia, who has examined our specimen, 
while confirming the identification, was kind enough to supply the 
following valuable and interesting notes i 

‘ I am not able to find out any essential difference between your fossil and 
my H. siamensis from the Upper Triasaic of the Burmo-Siamese frontier. Tho 
measurements are well within the probablo variability of one and the same species. 

This occurrence is obviously moat perplexing. A Triassic ago of the Inter- 
trappean beds is, of course, out of the question, not only for geological reasons, 
but also on account of the algal genera Acicularia and N earner is found Ln them. 
On the other hand, tho proofs given for the inclusion of the Kaniawkala limestones 
from the Burmo-Siamese boundary with the Upper Triassic (Gregory, 19(10, ami 
the following papers in the same volume) seem to bo convincing enough. It would, 
however, be against all our experience to suppose that a species of the Dasycladacete 
did survive from the Triassic into the Tertiary or even into the Upper Cretaceous 
time. 

Two other explanations will have to be kept in mind. Tt may be that the 
geological structure of the limestones near the Thaiingym river is much more 
complex than wc suppose. On the other hand the genus Iloloxpmrlla does not 
yield as many clear characters for t he definition of a species as lkisydarfacrar, with 
a more complete calcification of the thallus, do. Similar sporangia! cylinders inav 
have been formed in the axial cells of algae very different with respect to the struc- 
ture of the branches. To make a choice between these two possibilities w r e havo 
to await further discoveries. In any case the existence of an endo&pore Dasy- 
dadaceae in so high a goologieal horizon is quite unexpected a fact and probably 
a new instance of the survival of primitive forms in tropical regions.’ 

It may however be mentioned that this is not the first instance 
of such a record in India, as far as fossil algaa are concerned, for 
Dr. Walton 1 has described Triphporella , originally regarded as an 
extinct Cretaceous alga, 2 from the Ranikot beds (Lower Eocene) 
of Sind. G. S. I. No. K40/260. 


Literature cited. 

(1) Pia, J.,— A new Dasycladaceae Holosporella si-amends, nov. gen., 
nov. sp., with a description of the allied genus Acicnkll-a Pia. Rec 
Oeol. Surv . Ind., 63, pp! 177-181, (1930). 


* Walton, .T., Rec. Oeol. tiurv. Ind., LVI, pp. 213-219, (1924). 

* Seward, A. C., Plant life through the ages, p. 423, (1933). 
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A Note on the Maleri Beds of Hyderabad State (Deccan) 
and the Tiki Beds of South Rewa. By N. K. N. 
Aiyengar, M. A., Field Collector , Geological Survey of 
India . (With Plate 34.) 


Among the Gondwana rocks of India, the three chief places 
where Triassic reptilian fossils occur are, (1) near Deoli in the 
Panchet rocks, Raniganj coalfield, (2) around Maleri in the Pran- 
hifca-Godavery valley, Hyderabad State, and (3) at Tiki in south 
Rewa. 

The writer was deputed to collect reptilian fossils near Tiki in 
1929-30 and 1935, and Maleri in 1935. As these localities were not 
easily accessible, few geologists have visited them in recent times. 

(1) Deoli. 

The presence of Triassic reptilian fossils has already been record- 
ed in the Panchet beds of the llaniganj coalfield. They occur 
chiefly 

‘Just 1 North of the village of l)eoli, near Bakulin, aiul about quarter of a 
liie Bast of the mouth of the Besrani stream, a confcideruble expanse of roclvS is 
xposed in the bod vf the Damuda, South of the channel occupied by the water 
l the dry season, and hero a bone bed was iuund, containing detucliod, ami, fre- 
quently, rolled bones, vertebnr, and fragments of jaws with teeth; they are not 
cry abundant, but a considerable number wore procured. Some were also found 
i another spot in the Daunida, a little East of the village of Dikha and fragments 
l bone were occasionally met with in other localities. 1 

The fossils from these beds have been described by Thomas 
lluxley 2 and W. T. Blanfonl*. The latest account of those Panchet 
beds is to be found in Mr. E. It. Gees memoir on the Raniganj 
coalfield. 4 

(2) Maleri. 

Maleri (Marweli of the map, sheet 50 M/J2; 19° IT : 79° 30') 
is a village ten miles E. N. E. of Rechni Road railway station on 

1 Mem. Geol. Sure. Ind., Ill, Pt. 1, p. 129, (1801). 

a Quart. Joum. Geol. Soc., XVII, Pt. 1, p. 302, (1861). Pal. Ind., «cr. IV, Vol. I, 
Pt. 1, (1865). 

3 Pul Inti., Ser. IV, Vol. I, Pt. [, p. 25, (1865). 

4 Mem. Geol. Surv . Ind., UX.I, pp. 54-59, (1932). 
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the K«zij>et-Balhar8hah section of H. E. H. the Nizam’s State 
Nailway in the Asnfabad district of Hyderabad. 

Though the earliest geological work in this area began as long 
ago as 1833, definite geological and palaeontological work of interest 
was first commenced by the Rev. S. Hislop 1 in 1856. Later investi- 
gators were T. Oldham 2 , W. T. Blanford 3 , T. W. H. Hughes 4 , 
R. Lydekker 5 and W. King 8 . 

The writer’s work was chiefly confined to the central part of 
the Maleri formation around Maleri itself, though he traversed 
some parts in the southern area as well. The present description 
refers mainly to the country in the neighbourhood of Maleri. 

The country near Maleri is slightly undulating, with a few 
shallow streams. The land is covered either with black cotton 

1 iihology 80 ^ or rec ^ cla y fi - I n some places 

chipped rocks (Palaeolithic flints) are found. 
As in the case of the Tiki formation, which will be described later, 
in the Maleri beds sandstones are subordinate to clays. A good 
and complete section of the rocks of the Maleri formation is not 
seen near Maleri itself, but after examination of some of the expo- 
sures south-west of Maleri and at the water gate of Rampur village 
(Pi. 34, fig. 1), the writer thinks that the following generalised 
section will give an idea of the probable stratigraphy of the forma- 
tion near Maleri : — 

Peefc. 

Black cotton Boil ^ 2 — 4 

Sandstone boulder bed ....... 2 

White or light grey, felapathie, occasionally calcareous, sand- 
stone. (In some places this sandstone is considerably de- 
composed and mixed with much kankar) .... 4 — 7 

Nodular, cherty looking, calcareous rock (seen south-west of 
Maleri) ......... 5 

h’uie grained thinly laminated, grey calcareous sandstone, 
showing false bedding ....... 5 

Coarse rubbly calcareous sandstone. (This bed has yielded 

reptihan fossils in certain places) ..... 2—3 

Red clay, — thickness not known. 

^ Quart. Joum. Geol. Soc., London , XVII, p. 348, 1801, XX, p. 280, (1801). 
Journ. Bombay Br. if. A. S., Vol. VI, p. 202, (1861). 

a Mem. Geol. Surv . Ind., I, pp. 205-309, (1859). 

• Mem.Geol.8urv. Ind., IX, pp. 295-330, (1872), Pad. Ind. Ser., iv, Vol. 1, Pt. 2. 
pp. 17-23, (1878). 

4 Bee. Geol. Sun. Ind., IX, p. 80, (1870). 

4 Pal. Ind. Ser., IV, Vol. I, Pt. 5, (1885). 

4 Mem. Geol Surv. Ind., XVIII, Pt. 3, pp. 118-123, (1881). 
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Owing to their softness, the red clays do not show any bedding, 
but the rubbly sandstone bed immediately overlying them shows a 
dip of 10°-12° in a north-east or N. N. E. direction. 

Though the Maleri formation extends from Sandgaom (19° 35' : 
79° 42') to Semnapali (18° 42' : 79° 54'), a distance of about 00 
miles, reptilian fossils have been found only in the central part of 
this area, that is, between Maleri and Nannial (19° 4' : 79° 38'), 
and in the Angrezapalli (18° 48' : 79° 47') outlier. The reason 
for this appears to be that the beds containing fossils have been 
well exposed in these places owing to the gentle dip, which has allowed 
rapid weathering of the rocks, and has also prevented the fossils so 
exposed from being washed away by rains. Such is the country boun- 
ded by the villages, Teklapalli (19° 8' : 79° 35'), Nannial (19° 4' : 
79° 38'), Kanepalli (19° 9' : 79° 40'), Yenkatapur (19° 11' : 79° 38'), 
Bhimni (19° 12' : 79° 38') and Achlapur (19° 10' : 79° 32'). 

Owing to the flatness of the country and constant cultiva- 
tion, fossils are sparsely distributed. One of the best methods 

.. „ .. adopted by previous workers like Hislop and 

Hughes for collecting tossils m this area which 
met with much success, was by “.beating” (PI. 34, fig. 2). In 
making further collections, the same method was followed by the 
writer, vhose provisional identifications of the fossil collections from 
Maleri are as follows 

(!) One mile* north-east of Maleri in the stream exposures. 

llyperodapedon huxhyi, Lyd. — Maxilla, dentary bones and 

scutes. 

Parasnchus sp.-— Teeth, vertebra) and imperfect limb bones. 

Belodmt sp, — Limb bones. 

Vnio sp. — 

(2) Half a mile north of Maleri in the black soil. 

II yperodapedem sp. — Vertebral and bones. 

Labyrinthodont. — Dentary bones. 

Unio sp. — 

(3) One mile north-west of Maleri in the red olay. 

Hyper odapedon sp. — Maxillae. 

Unio sp. — 

(4) One mile soutL-west of Maleri. 

Large limb bones, vertebra), scutes, maxillary and dentary 
fragments, probably belonging to Belodon. All these specimens 
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were collected at one spot, and they may belong to the same 
ind.vidual. 

(5) About five furlongs north of the last mentioned locality, 
were found two large ? Dinosaurian vertel "se and two or three 
species of the fish Ceratodus. In addition to these fossils, copro- 
lites are abundant about half a mile W. S. W. of Maleri. They 
are generally greenish yellow in colour varying in size from that 
of a walnut to a cocoanut. In shape some are flat and cake-like, 
some cylindrical, spiral, reniform or botryoidal. In cross section 
they present a central core surrounded by layers of iron-impregnat- 
ed material. The nature of the material of these coprolites collect- 
ed has not yet been examined. 

(6) One mile E. 8. E. of Achlapur, 

Hyperodapedot i sp. — Bones, imperfect maxillae. 

Unio sp. — 

(7) Half a mile north of Rechni village. 

Kemains of Ilyper odapedon sp. and (Jnio sp. ; the lattor are 
much smaller in size than those found at Maleri. 


(3) Tiki. 

Tiki (81° 22' : 23° 56') sheet 64 E/5, is a small village about 
seven miles south of Beoliari, and about fifty miles north-east of 
the Umaria coalfield in south Itcwa. The best route to this locality 
is via Sutna and Rewa. 

Reptilian fossils were first noticed near Tiki by T. W. H. Hughes 
about the year 1879, during the course o r his survey of the south 
Rewa Gondwana basin 1 . The collection 
made by him in this area has been described 
by Lydekker 2 . Dr. G. do P. Cotter, J who visited this place during 
the year 1916 to investigate the relationship of the Tiki beds with 
the Parsora formation, also collected some reptilian remains near 
Tiki. 

Like most Gondwana areas, the country around Tiki is slightly 
undulating. The softer red clays and sandstones have been much 
denuded. Wherever harder rocks like the 
opograp y. ferruginous sandstones «of the upper division 


Previous observers. 


1 Hec. Qeol. Surv. Jnd ., XIV, Pt. 1, p. 136, (1881). 
»PaL Ind., Ser. IV, Vol. I, Pt. 6, (1886). 

» JUc . Qeol. Surv. Jnd., XL VIII, Pt. 1, p. 27, (1917). 
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protect the clays below, they give rise to flat-topped hills, like the 
Hartala and Beohari hills. 

As already mentioned tins rocks can be divided into two distinct 
lithological divisions. The upper division is chiefly composed of 
hard ferruginous sandstones with rounded 
t o ogy. pebbles at the top. These beds overlie fine- 

grained grey hard sandstones with red laminations, and some purple 
shales. Some good varieties of such rocks are quarried near Beo- 
hari for building purposes. So far no fossils, either plant or animal, 
which would help in determining their age, have been found in 
these rocks. They may represent the upper division of the Tiki 
beds or may be younger than the latter. The lower division, 
known as the Tiki stage, in which reptilian fossils, fossil wood, 
and fresh- water shells like Unio occur, is made up mostly of red 
and green clays with subordinate sandstones. These sandstones 
are often calcareous. Fine green laminations and green clay galls 
are very characteristic of these sandstones, and in some places the 
calcareous matter segregates on the surfuce of the sandstones near 
Tiki and forms a thick vermicular encrustation on them. False 
bedding is very common, and calcified or carbonised fossil wood is 
sometimes found. The red clays, being softer and more easily 
denuded, form the lower ground. They arc full of yellow kankar. 
The red (days make their first appearance in the Son River section 
a mile up the stream from Giar. The following section, which is 
seen on the right bank of the Son at Giar (23° 30' : 81° 19'), may 
be taken as a type one for the Tiki beds : - 

Feet. 

yiliceous sandstones, grey and brown in roloui with decom- 
posed felspars and clay galls . . . . . . 15 

Fine-grained grey sandstones with interrupted green lamina- 
tions, false-bedded, and containing partly oat bonded and 
calcified fossil wood ...... 5 

Weathorod calcareous rubbly grey sandstone ... 2 

Fine-grainod sandstone 2 

Bright rod clays, — thickness not known. 

This section has also been noticed by Hughes. 

Though the red clays are found to cover a considerable area, 
fossils have been found only in those south of Tiki. In this locality 
reptilian and molluscan fossils are found on the much denuded 
clays. Most of the fossils are covered with calcareous matter and 
are much worn. Not a single fossil was seen in situ . It is not 
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definitely known from which beds these fossils are derived, but some 
fragments of fossils were enclosed in a rubbly calcareous matrix 
which occurs above the red clays. The writer, however, noticed 
in the Godavery area that fossils were present in such calcareous 
sandstones. The following fossils were found in the collection 
made near Tiki 

Iluperodapedcm huxleyi , Lyd. — Fragmentary palato-maxilla), 

dentary bones, vertebrae, etc. 

?Dinosaurian . — Too th . 

Belodon sp. — Fragmentary maxilla, vertebra and teeth. 
Pamsuchus sp. — Limb bones, scutes and teeth. 

An interesting frontal part of the internal cast of a saurian 
skull was also collected. 

Unio sp. — 

(Fish teeth, which are fairly common in the Maleri area, have 
not been found at Tiki.) 

EXPLANATION OF PLATE. 

Plate 34, Fig. 1. — Exposure of Maleri beds at Ram pur near Maleri. 

Fig. 2. — Searching for reptilian fossils at Maleri, Hyderabad State. 
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The Structure of the Himalaya in Garhwal. By J. B. 
Auden, M. A., F. G. S., Geologist, Geological Survey 
of India. (With Plates 35 to 37.) 
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I.— INTRODUCTION. 

The object of this paper is to summarise my present views on 
the structure of the outer Himalaya between the Junma River and 
Lansdowne, as well as to introduce a preliminary interpretation 
of a profile across the Garhwal Himalaya from the Plains to the 
Main Himalayan Range. I shall not discuss lithology, or the 
stratigraphical relationships of the various rock groups. That 
will be reserved for a Memoir which it is hoped to write shortly. 

At intervals during the last eight years it has been my duty to 
make a detailed survey of the lower Himalaya, working south-east- 
wards from I^at t 3J°N f : Long. 77°E. to Lat. 30°N. : Long. 
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78° 30' E. The region with which this paper is chiefly concerned 
lies east of Long. 78°E. and is about 1,500 square miles in area. 
In addition traverses lmvc been made to the snowy ranges up 
the Alaknanda and Bhagirathi branches of the Ganges river. The 
whole region is included within Survey of "’ndia map No. 53, on 
the scale of 1 : 1,000,000; see Plate 36. 

I. Historical. 

In 1864 H. B. Medlicott published the first connected account 
of the geology of the lower Himalaya 1 . The area he described 
is about 7,000 sq. miles and lies for the most part west of the Tons 
river, centering around Simla. Important though this memoir is, 
it has little direct bearing on the region east of Long. 78°. More- 
over, Medlicott’s work has already been discussed by G. E. Pilgrim 
and W. D. West 2 and later to some extent by myself 3 , so that it 
can be omitted from the discussion which follows. 

Between 1885 and 1890 C. S. Middlemiss carried out detailed 
surveys in three areas of the Kumaon Division : — 

(1) along the outer Himalaya between the Ganges river and 

Gungti hill (29° 45' : 78° 55') 4 * ; 

(2) around Dudatoli mountain (30° 03' : 79° 12') 6 ; 

(3) the Siwalik ranges from the Ganges to the Nepalese fron- 

tier 6 . 

It is with the first area that we are most -directly concerned, 
since it overlaps that in which I have worked and since if afforded 
indications of enormous tectonic movements in the Himalaya. 

In 1891 0. L. Griesbaeh published a Memoir on his survey within, 
and north of, the Main Himalayan Range 7 . 

Between 1883 and 1888 R. D. Oldham published accounts of 
his mapping in the Chakrata Tahsil of Dehra Dun district and in 
regions to the west of the Tons river 8 . He was unfortunate in 
working on an isolated area of exceptional geological complexity, 


1 Mem. Oca)!, frtrr. I nil. , III, (]864). 

3 Op. rit., I JIT, ( 1928). 

» Rec. Oeol. Surv. Ind., LX VII. p. 357, (1034). 

4 Rec. Oeol. Surv. Ind., XX, p. 33, (1887). 

*Op.cit., p. 134,(1887). 

• Mem . Oeol. Snrv. Tvd ., XXIV, (1890). 

'Op. cit. f XXIII, (1891). 

• Rec. Oeol Svrv. Ind., XVI, p. 193, (1883) ; XXI, p. 130, (1888). 
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the southern part of which even now, after a fuller survey of the 
surrounding regions, has not yielded any satisfactory solution of 
structure. 

After an interval of forty years, detailed mapping was begun 
in the Simla area by Pilgrim and West, who demonstrated for the 
first time in that part of the Himalaya the existence of great over- 
thrusts 1 . 1 was attached to the Himalayan party in 1928, and, 
working to the south-east from Subathu, have joined up with the 
area already mapped by Middlemiss south-east of the Ganges river. 
A paper of mine on the Geology of the Krol Belt was published in 
1984 in which the portion of t lie outer Himalaya between longitudes 
77 u and 78° was described 2 . A further paper was published in 
1935 describing Haverses carried out in the Karakoram, Garhwal, 
eastern Nepal and Sikkim*. 

2. Topographical and Geological Zones in the Garhwal 

Himalaya. 

Before describing the tectonics of the Garhwal Himalaya in 
greater detail, a brief mention may be made of the zones into which 
it can be divided. Topographically the following zones may be 
distinguished : — 

1. Siwalik Range and Dun. 

2(a). Outer lower Himalaya, with an intricate network of 
spurs and rivers. 

(/>). Inner lower Himalaya, with simpler topography. 

3. Main Himalayan Range, with steep scarp slopes facing 

towards the Plains, and gentler dip slopes facing Tibet. 

4. High peaks north of the Main Himalayan Range with 

irregular disposition. 

The structural unite do not fit into this topographical classifica- 
tion, since, in some parts at least, three structural units are superim- 
posed one upon the other. The main tectonic divisions for the 
Garhwal Himalaya are as follows : — 

(1) Autochthonous unit. The base of this unit is probably 
the Simla slate series, overlying which occur Nummulitics. 

1 Mem. Oeol. 8urv. Jnd. t LIU, ( 1928). 

* Rec. Oeol. Surv. lnd. 9 LX VII, p. 357, (1934). 

*Op. cit., LXIX,p. 123, (1935). 
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Murrces and Siwaliks. Thrusts occur within this unit, 
but do not seem to bo of premier magnitude. The 
most important thrust is that which has long been 

called the Main Boundary Fault. This Autochthonous 
unit appears to occur well within che Himalaya, some 

twenty miles at least from the Dun. 

(2) The Krol Nappe, thrust upon the Autochthonous unit, 

and corresponding to the Krol Belt described in a previ- 
ous paper of mine. 

(3) The Oarhwal Nappes, thrust upon the Krol Nappe. The 

main Oarhwal Nappe may root in the Main Himalayan 
Range. 

(4) The Main Himalayan Range, which appears to be made 

up partly of elements common to one of the Garhwal 
Nappes and partly of a distinct group of para-gneisses 
and schists. 

(5) The granite zone to the north of the Main Himalayan Range, 

containing granites intrusive into the southern para- 
gneisses and schists. 

((i) The Tethys zone of fossiliferous sediments. The relation- 
ship of this zone to the granites and para -gneisses is 
at present obscure. From the work of Hayden in 
Spiti it would appear that the gneissic granite, which 
may be Permian or Tertiary in age, has an intrusive 
contact with the Cumbrian. The recent work of 
Professor Arnold Heim and Dr. Gansser may clear up this 
question. * 

The greater part of this paper will be devoted to a discussion 
of the Autochthonous, Krol and Garhwal units occurring in the 
outer lower Himalaya. Before examining the results of recent 
work, it is necessary to summarise the interpretation given by 
Middlemiss to the outer lower Himalaya south-east of the Ganges 
river. 

II. — MIDDLEMISS, 1887. 

In 1887 Middlemiss published his important paper on the 
Physical Geology of West British Garhwal 1 . This was followed 

» Bee, Geol. Snrv. Ir\d. t XX, p. 33, (1887), 
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by a memoir on the Siwalik rocks in 1890 1 . The earlier work 
appears to have been carried out within two seasons, and one is 
amazed at the extent of ground covered and the general accuracy 
of the mapping. The only complaint is that, in a region offering 
so many problems, Middlemiss should intentionally have omitted 
elucidation of all except the most pressing one. The succession 
as determined by him is given below : — 


Outer Formation . 


Innor Formation . 


Sub Himalayan (Siwalik). 


Nummulitic. 

Tal. 

■< Massive Limestone. 

Purple Slu tea. 

Volcanic Breccia. 

Schistose scries with intrusive gncissic granite. 


Middlemiss found that the schistose series occurred in an out- 
crop enclosed by, and apparently overlying, rocks of the Outer 
Formation. Almost all his discussion is confined to this relation- 
ship. His argument is summarised below. 

The sequence of the rocks of the Outer Formation is a normal 
one, and is established by the presence in it of two fossiliferous 
horizons, Nummulitic and Tal limestone, the Nummulitic being 
the youngest and on top. The disposition of the Inner Schistose 
series in relation to this normally lying Outer Formation is best given 
in his own words 2 : — 


* ... .at every point round the schistose area the Outer formations appear to 
dip towards and under the schistose series at steep angles (50°'60° generally) ; 
whilst the Bchistose series itself is disjiosed apparently in the form of an elongated 
quaquaversal synclinal upon the top of the Outer formations, anil culminates in a 
capping of gneissoso rock on the summit of Kalogarhi mountain 

In other words, the observer after a hasty examination is almost driven to the 
conclusion that there ia an upper metamorphic series lying normally upon the 
comparatively unmetamorphosed zone of Outer formations (a counterpart of the 
opinion long held with regard to the strata of the Scotch Highlands)'. 

Again, on page 36, *after commenting on the rocks of the Outer 
Formation being in their natural order (which is not true over 
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part of the area) and dipping inwards towards the schistose rocks, 
he remarks : — 

* One seems almost driven to conclude that if a boring were sunk through the 
centre of the schistose area, wo should inevitably strike the Tal beds bolow \ 

Middlemiss then attempts to prove that this conclusion would 
be wrong, claiming that the facts 

4 not only render the above interpretation unacceptable, but emphatically 
negative it \ 

Firstly, he states on page 37 that if the Tal beds in reality 
continue below the schistose series, it follows that the Nummulitics, 
where present, must do the same : — 

‘ that is to say, a soft, Hkaly, tertiary rook, not only must lie as a foundation on 
which the schisls are piled, but also must be beneath them in direct contact’. 

Such a case of selective meta morphism is ruled out as impossible, 
from which Middlemiss concluded that the schistose series must 
be older than the Nummulitics. 

Secondly, having established that the schistose rocks are older 
than the Nummulitics, he argues that they must have been moved 
by reversed faulting against the Nummulitics. The argument on 
page 38 is a little involved, but the conclusion is that a combina- 
tion of the ‘ sigma-llexure ’ with a reversed thrust plane is suffi- 
cient. to explain the relative positions of the Oute& and Inner Forma- 
tions. 

This same argument is repeated in Memoirs, Geological Survey 
of India , 24. pp. 73 77, (1890), namely that the Nummulitics must 
be younger than the schistose series, and that the rocks of the Outer 
Formation are sepa rated from the o.erlying schistose series by a 
reversed fault. On page 74 of this memoir the fault is stated to 
dip in one place at about 25° northwards, as is also shown in Section 
VI. 

It is necessary, therefore, on this thesis, to imagine a reversed 
fault, of ring shape, everywhere dipping inwards centripotally 
Wlow the schistose series. 

The argument of Middlemiss is weak, because it does not succeed 
in proving, as ho imagined, that the schistose series cannot com- 
pletely overlie the Nummulitics and Tals. It only indicates that 
the schistose series are older than the Nummulitics and that their 
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position with respect to the Nummulitics cannot be a normal strati- 
graphical one. It suggests nothing about the nature of the disloca- 
tion which has caused the Nummulitics and schistose series to be 
brought together by an abnormal contact. Middlemiss chose to 
assume a ring-sliaped reversed fault, and therefore an essentially 
autochthonous disposition, but did not consider the possibility of a 
great overthrust bringing the schists and slates to overlie completely 
the Nummulitics and Tals. He refers to the Scottish Highlands 
(pp. 33, 34), and specifically mentions the solution to the problem 
there by Peach and Horne, but considered that the Garhwal area 
examined on its own merits did not warrant a similar explanation. 

I hope to show later that the evidence does in fact point to the 
conception of a great overthrust. 

The problem remained as Middlemiss left it for exactly fifty 
years. His map has been reproduced in both editions of ‘ A 
Sketch of the Geography and Geology of the Himalaya Mountains 
and Tibet. ’ and in Wadia’s e Geology of India *, but no attempt 
has been made in these publications to discuss the difficulties of 
structure implied by accepting the interpretation which Middlemiss 
adopted. Jlis account was, however, read independently by 
Mr. West and myself, both of us feeling the excitement of the 
possibility of nappe structures latent in it. 


HI.— RECENT SURVEY, IQ 35 - 36 . 

During the last three seasons I have mapped east of Longitude 
78°E. and have joined up the succession which 1 had established 
around Solon (described in 1934) with that of Middlemiss. Before 
reaching the Ganges river, I found both in 1935 and in 1936 structures 
in Tehri Garhwal which seemed to me to settle the validity of Middle- 
miss’ condemned impression. Now, having examined part of the 
Garhwal area, some of it in detail, I am convinced of the existence 
of great overthrusts. There are, it is true, many difficulties in- 
volved in a region almost devoid of fossiliferous rocks, except the 
Tal limestone, (the fossils iu which arc so broken that no certain 
age has been assigned wto them) and the Nummulitics, and in which 
there appear to be recurrences of rock types throughout the assum- 
ed stratigraphical succession. Yet some of the features seem clear 
and worth recording apart from those that are less explicable. 

*3 
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The following tables give the atratigraphioal and tectonic succes- 
sions which I have determined east of Longitude 78°. To the 
second table has been added the succession found by Middlenriss in 
Garhwal in 1887 : — 


Succession east of Longitude 7S°B. 


Formation*. 

Unconformities. 

Approximate 

Maximum 

Thlckneu. 

Probable age. 

Siwalfk 


16,000 

Upper Miocene to 
Pleistocene. 

Mmree (almost. absent east of long. 78 e ) . 


Y 

Lower Miocene. 

Nummulitic 


? 

Eocene. 


TaJUmestonc and Calc grit 

•• 

200 

Upper Cretaceoua ? 

■ 

Upper Tal quartzites 


4,500 

Cretaceous 

L, 

Lower Tal shales 

•• 

2,000 

Jurassic 

I 

s 

'Upper Krol dolomites, limestone* 
and shales. 


8,000 

Trias 


■ 

Krol red shales 

L Lower Krol limestones and shales 


j- 1,000 

, 

Permian 

"Y 


* ’ * 

'Infra Krol slates 


-) 




Upper Bhilai houldcr bed and 
dolomite. 





Plaint . 



2,000 

I ? Tftlclilr (Urallnu). 


liluliil slafcH .... 

. , 





L Lower Blalnl lKiulder lied . 

• 

• 



Nuglhat ...... 


3,000 

Devonian ? 


Chit ml pur 

Simla idaU^. possibly equivalent to the (lutml 
pur series although different in lithology. 

•• 

4,000? 

4 

J<ower I’abroxole 
and pic-Cam- 
bilnik? 

Dolerites 

•• 

•* 

Late Tertiary. 


Note. 

— — ■ — Conform it y. 

— « Unconformity. 
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Tectonic Succession in Tehri Garhwal and British Garhwal . 



TehiJ Garhwal and British Garhwal. 

British Garhwal, Middleman. 1887. 

Garhwal Nap pea . 4 

Chaadpur (metamorphosed). 

Inucr Schistose scries. 

Nagthat "1 

Hlittle motumorphon- 
CUaudpur j ed). 

Boulder beds, slates and limestones 
of uncertain stratigraphioal hori- 
zon occur In one outlier bolow 
metamoip hosed Cliandpurs. 

Krol Nappe . 

Nuinmulitlc .... 

Tal 

Krol. ..... 

lllaini 

Nagthat 1 

> metamorphosed and 
Chaudpur J unmetamorpliosed. 

Numimilitle. 

Tal. 

Massive Limestone. 

Volcanl Breccia In an undiffer- 
entiated group of I'urplo Slates 

Autochthonous . 

• 

Dagahal, Nummulitic 

>^»lwallk 

Simla slates. 



f. Autochthonous. 

1. SlWAUKS. 

The structure of the Siwaliks east of the Ganges has already 
been described by Mjddleraiss, whose illustrative sections are 
classics in Indian geological literature. Between the Jumna and 
Ganges rivers the main structure is an anticline in the Siwalik 
Range (the axis of which is slightly oblique to the topographical 
alignment of the range), a syncline forming the Dun valley, and 
to the north-east an overturned anticline which is truncated on the 
north side by the Main Boundary Fault and the Krol Thrust. 
The base of the Siwaliks is nowhere seen, but it is prosumed that it 
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consists of Nummulitics with attenuated Dagshai rocks resting on 
8imla slates ; Section 1, Plate 37. 

2. Dagshai and Nummulitics, 

The Main Boundary Fault, in the sense originally used by 
Medlicott, separates the Siwaliks from the older Tertiaries which 
have been thrust upon them. East of Long. 78° the Dagshai 
rocks (Murrees) arc very seldom seen, and the chief fault is the Krol 
thrust which has brought pre-Tertiaries forward so as to rest direct- 
ly on Siwaliks. This Krol Thrust has been called the Main Boundary 
Fault both by Middlemiss and myself, but, although it does in fact 
form the northern boundary of the Siwaliks over some of the area 
between Delira and Naim Tal, it is not the same fault as that to 
which Medlicott originally assigned the term 1 . 

In the neighbourhood of Solon and Subathu, Dagshai and 
Subathu rocks (Murree and Nummulitic) rest upon Simla slates 
and have been overthrust by the rocks of the Krol Nappe. This 
is well seen around the north-west end of Pachmunda Hill and 
along the Blaini river 2 . 

Dagshai rocks are seen along the Tons river by Kalawar (30° 32' : 
77° 49'), on the left bank of the Amlawa river at Kalsi, and as a 
very narrow outcrop running in a south-east direction to about 
Long. 78° 024'. They are thrust by a steep reversed fault (Main 
Boundary) upon Nahan rocks and are themselves overthrust at a 
gentler angle by pre-Tertiaries (Krol Thrust). Denticles of fossili- 
ferous limestone in the Dagshai rocks of the Tons river suggest 
that Nummulitics may be present there as well. 

Between Delira and Rikhikesh, Nummulitics together with cin- 
dery nodular sandstones, which are probably Dagshai, rest upon 
Simla slales and have been overthrvit by the rocks of the Krol 
Nappe. They occur in two windows which will be described in 
greater detail m the next section. Probable Tal rocks occur, 
though poorly exposed, in the Chandna Rao at 30° 10' : 78° 15' 
evidently to the south-west of the Krol Thrust and belonging to 
the same tectonic horizon as the complex Nummulitic and Tal 
association of Banas Talla and Banas Malla (29° 67' : 78° 21'). 

1 Mid(licuiia8, C. S., Mem. Geol. Surv. In d., XXIV, pp. 10, 31, (1800) ; Mem. Geol. 
Surv. Ind XXXV1I1, p. 337, (1008). 

Auden, J. B., Me c. Geol. Surv. Ind., LXVII, p. 431, (1034). 

•Mec. Geol. Surv. Ind., LXVII, p. 436, (1034). 
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Within the Himalaya, Nummulitics are seen resting upon Simla 
slates at Sayasu (30° 42' : 77° 44'), and from just north of Dabra 
(30° 40' : 77° 49') down to the Tons river. In the Tons river 
Dagshai rocks are almost certainly present in addition to the 
Nummulitics. 

Numerous faults and thrusts occur in the rocks of this zone. 
It is possible also that the Tertiaries may have been pushed bodily 
over the Simla slate foundation, with the Nummulitics acting as a 
lubricating horizon, in a manner comparable to the anhydrite 
horizon at the base of the Mesozoic succession of the Jura Moun- 
tains. These movements are probably, however, of less magnitude 
than those involved in the Krol and Garhwal Nappes, and the term 
‘ autochthonous * seems to be justified. 


2. Krol Nappe. 

The maximum thickness of the succession in the Krol Nappe is 
ol the order of 20,000 feet (6,100 meters). This succession is a 

Lack of Inversion norma l one. for the disposition of numerous 
exposures of current bedding in the calc grit 
of the Tal limestone, and in the Tal and Nag that quartzites, shows 
that these particular stages are not inverted, and therefore that the 
whole succession is in the correct older. This is important because 
it eliminates the possibility of repetition of certain facies by recum- 
bent folding. Thus, the Tal and Nagtlmt quartzites cannot be 
regarded as belonging to a single horizon which has been duplicated 
by recumbent folding around a core of Upper Krol limestone. 
This conclusion is also supported by the fact that tiie sequence of 
stages above the Upper Krol limestone, on the. assumption that 
this is the core of a recumbent fold, is not the mirror-image, reverse, 
of that below the limestone. In particular, there is no equivalent 
of the Blaini boulder beds in a position between the Lower Tal 
shales and the Upper Tal quartzites, which would be expected if 
the Tal and Nagthat quartzites were the same honzon duplicated 
in a flat overfold. Moreover, there are lithological differences 
between the Tal and Nagthat quartzites which, though not absolute 
when regarded singly, are collectively valid enough to differentiate 
these two stages. This point has been stressed because Middlemiss 
evidently confused these two quartzites. At the beginning of his 
survey he considered the Tals to underlie the Massive (Krol) 
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limestone, but he was later compelled to reverse their position and to 
place them above the limestone. He appears also in places to 
have mapped the true Tal quartzites and the Nagthat quartzites 
that have been overthrust upon the Tals, both as Tal. 

It may be accepted therefore that the equence given for the 
Krol Nappe is uniuverted and has not been duplicated by recum- 
bent folding. Nor do I think it possible to assume the duplica- 
tion by thrusting of uninverted stages one upon another. 

The evidence for the existence of this nappe is based upon the 
following considerations : — 

(1) The most convincing evidence is the occurrence of two 
windows disclosing Numniulitics and Simla slates between Dehra 
and Rikliikesh. One of these windows occurs on both sides of the 
Bidhalna Rao (30° lb' : 78° 14') and is about six square miles in 
area. The other window is well seen between Pharat (30° 13' : 
78° 18') and Banali (30° 11' : 78° 20') and covers about seven square 
miles 1 . They occur along the anticlinal axis which separates the 
Mussoorie syncline of Nagthat-Blaini-Krol-Tal rocks from the 
Garhwal syncline lying to the south of aud en echelon with it. In 
the centres of the windows occur Simla slates, generally with steep 
dips. Above the Simla slates, sometimes as isolated cappings, 
more typically as a border to the windows, are found Nummuiitic 
shales and limestones together with blocks of highly shattered 
quartzites, the surfaces of which are glazed by friction. Finally, 
above the Nummuiitic and avssociuted rocks occurs the uninetamor- 
ph osocl facies of the Chandpur beds, belonging to* the Krol Nappe. 
There can be little question here of the Numniulitics occurring as 
outliers in pockets of a late Cretaceous erosion topography. Such 
a manner of occurrence would not account for the difference in type 
of the slates found above and below the Nummulitics. While it is 
admittedly difficult in some places to distinguish the Simla slates 
from the Chandpur series (which are possibly of the same age but 
deposited in two distinct areas), the difference between these two 
series is on the whole marked enough in this particular region, so 
that the occurrence of the Numinulitios between the Simla slates 
and the Chandpurs is significant. The upward succession in these 
windows, Simla slates — Numniulitics -Chandpurs, is tho characteristic 

t 

1 This Jianali should not bo confused with another village of the same name situated 
at 30° 18': 7S' J 17 '30*. The latter village is looated on an outlior of tho Garhwal Nappes 
(page 4 2i). 
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feature, the disposition of the Nummulitics being such as to suggest 
that they are part of a continuous sequence, a sequence which I 
conclude to be tectonic. The strong shattering of the quartzites 
associated with the Nummulitics, their slip-polished surfaces, and 
their haphazard tectonic isolation as blocks in the shales, with no 
signs of orderly sedimentation, suggest that these rocks have been 
subjected to violent stresses. Indeed, below Banali the Nummulitic 
shales are converted into a ‘ pseudo-schist \ resembling biotite- 
schist, but in reality a highly sheared shale endowed with abundant 
reflecting slip surfaces. These effects must have arisen during the 
Miocene movements, which are known to have been a characteristic 
feature of Himalayan tectonics, and are indicative of shearing 
stress rather than simple hydrostatic pressure. On the hypothesis 
that the Nummulitics rest upon a pre-Tertiary erosion topography, 
it would, however, be necessary to assume that this topography had 
undergone little change throughout the Tertiary and Quarternary 
eras. This would hardly be expected in view both of the extent 
of the Miocene movements, and of the great erosion which has taken 
place since then. If Miocene compression had shortened the width 
of the postulated valleys in which the Nummulitics had been deposit- 
ed, so as to cause the infolding of the Nummulitics within the 
Chandpur and Simla slate series, it should have had a devastating 
effect on the pre-Tertiary north-south ridge separating these valleys. 
Yet the Chandpur beds of the narrow Diuli (30° 13' : 78 ,:> 17') 
ridge are neither shattered nor highly folded. The shattering 
occurs in the Nummulitic rocks which dip under the Chandpurs on 
either side of the ridge. In the view here adopted, the Nummulitics 
were deposited upon a more or less peneplaned surface of Simla 
slates, and were later over thrust by the Chandpur series of the 
Krol Nappe. The valleys in which the inferred windows are now 
exposed are regarded as the result of recent river erosion. Young 
river-gravels occur 800 feet above the level of these modern valleys. 

(2) Between Solon and Subathu there is a similar disposition 
to that just described, except that the Chandpur and Nagthat 
beds of the Krol Nappe are missiug. Here the sequence working 
upwards is: — Simla slates —Subathu (Nummulitic) — Blaiui. This 

area has already been described, being figured on page 430, and 
discussed on pages 434-437 of Records , Geological Survey of India t 
67, (1934). Near Solon there arc two outcrops of Nummulitics, 
surrounded by Infra- Krol (Blaiui sensu lata) slates, which 1 regard 
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as windows. The contacts between the Nummulitics and adjacent 
Blaini rocks are poorly exposed, and it might be maintained that 
the Nummulitics of these outcrops occur as eroded outliers upon 
Blaini. Nummulitics are known to lie infolded within Krol 
limestones at Bagar (30° 45' : 77° 17') eviderly having overlapped 
the Tal rocks towards the north-west so as to rest directly upon the 
Krols, and it might be argued that this overlap continues in the 
direction of Solon across the Krol limestones on to the Infra-Krol 
(Blaini). The Krol limestones are, however, very well exposed 
near Solon, the type locality, so that this overlap could only be very 
local. Moreover, the same arguments apply to the Solon area as 
have just been given for the windows south-east of Dehra. What- 
ever doubts may be raised about these inferred windows, it is 
difficult, however, to escape the conclusion that the zig-zag dis- 
position of the Simla slates — Nummulitic — Blaini-Krol rocks between 
Solon and Subathu represents the result of erosion of two tectonic 
units that had been brought together by thrust movements and 
were later folded. Here again, in a manner comparable to the 
windows already described south-east of Dehra, the contrasts 
between the Simla slates at the base of the Tertiarics and tho Blaini 
slates above them is striking, precluding any explanation by simple 
infolding of Nummulitics within a single slate series. 

(3) On the north-east side of the Krol syncline Nummulitics 
occur at Sayasu and Dabra, as has been already mentioned (page 
417). They overlie Simla slates and appear to underlie the com- 
plex group of Chandpurs and Mandhalis. By Koruwa (30° 40' : 
77° 51'), and on the col south-east of Kailana, are found shattered 
and glazed quartzites exactly similar to those associated with the 
Nummulitics of the windows between Dehra and ilikhikesh, and 
around Banas Malla (29° 57' : 7b 21'), again overlying Simla 
slates and underlying Mandhali limestones. The thrust which 
separates the Chandpur-Mandhali rocks from the Simla slates dips 
southwards, below the Krol syncline. It has been called the Tons 
thrust and I consider it almost certain that this thrust joins up 
below the Krol syncline with the north-dipping Krol Thrust on 
the south side. There is evidence for this supposition along the 
Huinl river in Tehri Garhwal. 

Considering only the first two areas, the e minimum displacement 
of the Krol Thrust and Nappe would be about five miles. Taking 
into consideration the region on the north side of the Krol syncline 
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near Kailana, the minimum displacement is likely to be 20 miles 
(32 km.). 

A point which should be emphasised in connection with the 
Chandpur and Nagthat series of the Krol Nappe is the increase in 

M metamorphism which is observable from the 

Metaitiorpmsm. 80uth . west towards the north-east. Along 

the south-west side of the Mussoorie syneline, for example near 
Paled (30° 17' : 78° 11'), the Chandpur series is in the condition 
of banded green slates and ash beds, while the Nagthat series is 
made up of soft sandstones and quartzites with a secondary silica 
cement. Towards the north-east both these series develop schis- 
tosity. The Chandpur slates are changed to schistose chlorite- 
sericite-phyllites, as at Jugargaon (30° 23' : 78° 24'), while the 
arenaceous beds of the Nagthat series become schistose chlorite- 
sericite-quartzites, such as are well seen in the neighbourhood of 
Kaudia (30° 25' : 78° 22'). The distance separating these con- 
tracted grades of metamorphism is about 10 miles. 


3. Qarhwal Nappes. 

1. Outliers in Tehri Garhwal State. 

Ever since I had read Middleniiss’s paper on the Physical Geology 
of West British Garhwal, I had hoped to find a structure in the 
centres of synclines in Sirmur State and Tehri Garhwal comparable 
to the one he had described, for 1 was convinced that the Massive 
limestone and Tal beds of Middlemiss were equivalent to the Krol 
limestone and the presumed Tals in Sirmur State. In 1931 a sandy 
current-bedded limestone was found at the top of the Tal scries 
along the Nigali Dhar of Sirmur State (30° 39' : 77° 34') but un- 
fortunately this w T as the highest horizon exposed 1 . It was not until 
March 1936 that the expected structure was found at the top of the 
Tal succession of the Mussoorie syncline on hill 6533 (30° 22' : 
78° 12'). Between Tashla (30° 22' : 78° 11'), Satengal (30° 21' : 
78° 13') and Hatwalgaon (30° 20' : 78° 16'), there was found an 
outlier of schistose phyllites and subordinate white quartzites 
overlying a group of limestones, slates and boulder beds, both of 
which units rest upon ‘and are surrounded by the Tal series. The 


Etc. Geol. Sur. Ind LXVIX, PL 23, (1934). 
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area covered by this outlier is about 7 square miles. Equally 
convincing is another outlier of schistose phyllites lying upon the 
Tal series around Banali (30° 18' : 78° 17' 30'). This outlier is two 
square miles in area. Both outliers indisputably rest upon Tal 
beds with centripetal dips varying from 20° to 45°. Adjacent to 
the Banali outlier is a still smaller outlier, about 200,000 square 
yards in area, lying as a thin coating upon the Tal quartzites. 

It is quite impossible to explain the position of the schistose 
phyllites upon the Tal series by ring-shaped reversed faults des- 
cending through the whole of the 17,000 feet of rocks of the Krol 
Nappe here present to its basement. 

The Satengal outlier is complicated by the presence in its western 
part of slates, boulder beds, and a limestone identical to the Bansa 
limestone, which occur between the schistose phyllites and the 
underlying Tals. Nevertheless, whatever the stratigraphical posi- 
tion of these intervening beds may be, the fact of an overthrust 
of schistose phyllites upon the Tals is clear and beyond dispute. 
There is no such complication in the eastern part of the Satengal 
outlier or at Banali, where the schistose rocks lie directly upon the 
Tal series, locally with an angular discordance. I showed the 
Banali outlier to Professor Arnold Heim and Doctor Gansser, both 
of whom agreed that no doubt could be raised as to its overthrust 
nature. 

The characteristic rock of these outliers is a green schistose 
chlorite-soricite-phyllite, with segregations of secondary chlorite in 
streaks. This type can be exactly matched with the rocks at the 
base of the Krol Nappe around Jugargaon (page 421). The fact 
that the underlying Tal and Nagthat quactzites are not inverted 
proves that the schistose phyllites of the outliers above them do 
not rest in that position as a result of duplication of the Chandpurs 
which occur at the base of the Krol Nappe by recumbent folding. 
If recumbent folding were present, either the Tal quartzites or the 
Nagthat quartzites should be inverted. Further indication of 
the lack of inversion is suggested by the presence of the limestone, 
mentioned above, which is similar to the Bansa limestone, and of 
boulder beds below the schistose phyllites of the Satengal outlier. 
This relationship is the same as that obtaining in the rocks at the 
base of the Krol Nappe between Kalsi and* Chakrata, where the 
Bansa limestone and Mandhalis appear to underlie the Chandpur 
series. That is to say, both in the Krol Nappe and in the Garhwal 
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Nappe, there is the same succession upwards of these beds. The 
relationship is, it may be accepted, one of a thrust contact of the 
metamorphosed type of Chandpurs upon normally lying Tal beds. 

In these two outliers of Tehri Garhwal there are two desirable 
features for demonstrating the complete overthrust of the schistose 
phyllites upon the Tal series : — 

(1) Dips are everywhere centripetally inclined, but are not 

steep enough to bring the base of the schistose phyllites 
below the level of river erosion ; 

(2) the two areas are of a size small enough to be seen almost 

as a whole by the eye from neighbouring peaks, so that 
the results of detailed mapping of the thrust boundary 
may be confirmed and integrated at a single glance. 

2. Outliers in Britisii Garhwal. 

In coming to the area mapped by Middlemiss in British Garhwal, 
these two features are absent. Dips are on the whole steeper, 
and the area is so large that it cannot be taken in by inspection 
from any one vantage point. I have re-mapped that part of Middle- 
miss’s area which lies in sheet 53 J/S.W., and have traversed along 
the Nayar river from Byansghat to Bhanghat, Dwarikhal, Lans- 
downe (29° 51' : 78° 41') and Dogadda. The correlations given in 
table 2 are definitely proved by the results of detailed mapping. 
The only difference between the Garhwal area and that of Tehri 
Garhwal is that Nummulitics are present above the Tal series in 
Garhwal, while they are almost absent from Tehri Garhwal except 
for very narrow outcrops along the Ganges river. The outcrop of 
Nummulitics in Garhwal is discontinuous, but is slightly moie 
extensive than shown by Middlemiss. 

Overlying the Nummulitics in sheet 53 J/S.W. occur two separate 
nappes which are disposed in syn clines that are separated for some 
distance by the anticlinal axis running from just east of Lachman- 
jhula in a south-east direction past Jogyana along the Huill river ; 
Section 2. In tho western, Amri, synclinc (Amri : 30° 04' : 78° 22') 
the rocks are characteristically green schistose phyllites with sub- 
ordinate white schistose quartzites, the assemblage recalling at once 
that of the Satengal and Banali outliers. In the eastern, Bijni, 
syncline (Bijni : 30° 04' : 78° 25') the dominant rocks are purple, 
green, and white quartzites exactly resembling the Nagthat series, 



424 


Records of the Geological Survey of India. 


[ Vol. ?). 


with underlying and subordinate banded green slates similar to 
those of the less metamorphosed type of Chandpurs on the south- 
west side of the Krol Nappe. In the anticline separating these 
two nappes there crops out a complicated assemblage of Tal and 
Nummulitic rocks, obviously highly disturbed and interfolded, as 
may be well seen at Bagurgaon (29° 58' : 78° 29'). 

Between Kothar (29° 58' : 78° 34') and Lansdowne there is 
another and larger syncline of schistose phyllites and white schistose 
quartzites, similar to those of the Amri, Banali and Satengal synclinal 
outliers. Intruded into these rocks occurs the gneissic granite of 
Lansdowne. 

It must be admitted at once that there are many difficulties in 
understanding the Garhwal area. Firstly, I have been able to 
come to no satisfactory conclusion about the true position of the 
boulder slate (volcanic breccia of Middlemiss). In the north end 
of the Garhwal syncline this boulder slate unquestionably joins up 
with the Blaini, but I am uncertain if the boulder slate so often 
found lying above the Tal beds of Garhwal is the same as the Blaini. 
thrust upon the Tals, or if it is an altogether different horizon. 
Secondly, as seen above, the outcrop of Middlemiss’s Inner Schistose 
series is not made up of a single tectonic unit. These difficulties 
can only be cleared up by detailed mapping, but. in spite of them, 
I am confident that the Inner Schistose series of Middlemiss does 
truly overlie the Nummulitic, Tal and Krol rocks qs a thrust outlier. 
In no other way is it possible to explain the ring-shaped boundary 
between the older rocks and the Nummulities around Amri and 
Palyalgaon (30° 06' : 78° 24'). Just north of Amri, Middlemiss 
mapped two faults separating the older rocks from the Nummulities. 
The N.W.-S.E. fault is shown as terminating westwards against 
the N.-S. fault, which is made to pass northwards towards 
Patna, without displacing the Nummulitic—Tal boundary. On the 
postulate of Middlemiss, this fault should have caused the Outer 
Formations to be thrown down below their own basement. Its 
throw would be enormous, and yet it fails to displace the Nummulitic — 
Tal boundary at all. A re-examination of this area has shown 
that the schistose phyllites overlie the Nummulities round an are 
of 180° and that the boundary between them is continuous and 
not made up of the intersection of two or more faults. The reason 
is clear. The faulted junction between the schistose phyllites of 
Amri and the Nummulities does not cut through the Nupamulitics 
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and underlying formations, because it is a thrust plane which lies 
at an horizon altogether above them ; Plate 35 and Plate 37, fig. 2. 

Moreover, in the Garhwal area the rock types of the Inner Schis- 
tose series are dissimilar to those underlying the Krol series along 
the Nayar river, both in lithology and in strike. Underlying the 
Krols from Byansghat to BaDghat (29° 57' : 78° 42') occur Simla 
slates vith strikes varying from E.-W. to N.N.K.-S.S.W. The 
Krol — Tal rocks, and the overlying schistose rocks from Dwarikhal 
to Lansdowne, have a uniform N.W.-S.E. strike. The Simla slates 
also differ in lithology and degree of metamorphism from the rocks 
of the schistose series overlying the Krol and Tal series. On the 
interpretation of Middlemiss, the Simla slates and the Inner Schistose' 
scries should be the same, since the reverse faulting which he postu- 
lated would have brought up the same foundation rocks upon the 
Tals as underlie the Tal and Krol series. 

It is difficult to picture the mechanics of the reversed faulting 
suggested by Middlemiss, since it is necessary to assume either 
that his Outer series have been thrust inwards and downwards 
towards a centre or that his Inner series has expanded outwards 
on all sides from a centre over the Outer series. Cone fractures 
are common features in certain volcanic areas such as the western 
islands of Scotland, but so far as I know the displacement along 
these fractures is inconsiderable and is largely a consequence of 
infilling with ma^ma. The whole difficulty is removed if we accept 
that the present basin-like disposition is a secondary feature sub- 
sequently impressed upon an extensive thrust of the Garhwal units 
over the Krol unit. 

In connection with the question of reversed faulting, I think 

that Mallet had a truer grasp of the solid geometry required by 
geological relationships similar to those of Garhwal. When mapping 
north Bengal and southern Sikkim he realised that the position 

of the Darjeeling gneiss above the Daling series could not be ex- 
plained by ‘ mere local inversion along the lines of contact* 1 . So 
for as 1 have seen these, rocks in eastern Nepal and Sikkim, the 
Darjeeling gneiss, though truly above the Daling series, does not 
appear to be separated from it by a thrust plane 2 . The point it is 
wished to emphasise here is that both in Garhwal and in eastern 

Nepal and Sikkim the observed relationship is one involving 

1 Mallet, F. R., Mem. Geol. Svrv. Ind. t XI, p. 42, (1874). 

* Auden, J. B. f Hec. Oeol. Surv. Ind. t LX1X, p. 161, (1935). 
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complete superposition and not local reversed faulting, even though 
the explanation offered for the manner of this superposition is 
different in the two cases. 

The argument for an extensive thrust plane over the Nummulitic, 
Tal and Krol rocks of Garhwal may now be summarised. 

(1) The Nummulitic, Tal and Krol rocks of Garhwal completely 
surround the Inner Schistose series (as shown by Middlemiss) and 
dip below them centripetally. This is well seen around Amri and 
Palyalgaon in sheet 53 J/S. W. 

(2) At Satcngal and Banali in Tehri Garhwal State, schistose 
phyllites lie as indisputable thrust outliers upon the Tal series. 

(3) At least two synclines occur within the Inner Schistose 
series of Garhwal (those of Amri and Lansdowne) in which the 
schistose rocks are identical in every respect to those found in the 
indisputable overthrust outliers of Satengal and Banali. In the 
Lansdowne outlier there is an additional element in the presence 
of the gneissic granite, which was intruded before the thrust move- 
ments had taken place. 

(4) Middlemiss argued on the grounds of metamorphism that the 
schistose series aro older than the Nummulitics upon which they 
lie. Apart from the question of metamorphism, there is no known 
post-Nummulitic sequence to correspond to the schistose series. 
From both points of view the schistose series must lie with an ab- 
normal contact upon the Nummulitics and Tal series. 

(5) The Inner Schistose Berics is composed of two main units : — 

(а) schistose phyllites, slates, schistose quartzites and quart- 

zites, resembling the more metamorphosed facies of the 
Chandpur series of the Krol Nappe : 

(б) banded grey-green slates and mainly purple quartzites, 

resembling the less metamorphosed facies of the Chandpur 
and Nagthat scries of the Krol Nappe. 

Neither of these two units resembles, in strike or closely in litho- 
logy, the Simla slates which occur at the base of the Outer series 
along the Nayar river. The more schistose rocks of the Inner 
series also differ from the Simla slates in metamorphic grade. These 
facts appear to negative the explanation given by Middlemiss of 
reversed faulting having brought up the basement of the Outer 
Formations so as to lie upon them. If reversed faulting had taken 
place, the basement rocks (Simla slates along the Nayar river) and 
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the Inner Schistose series should be identical. In tho solution 
suggested in this paper it is believed that the facts are best explained 
by two thrusts : the Garhwal Thrusts introducing rocks similar 
to those which in parts of sheet 53 J/S.W. lie at the base of the 
Krol Nappe, so as to rest above the Krol Nappe, ; and the Krol 
Thrust dividing off the Krol Nappe from the Silnla slate foundation. 
This thrust is believed to be transgressive, both towards the south- 
east in Garhwal, and towards the north-west in Sirmur and Baghat 
States, with the result that it cuts out successive members from the 
base of the Krol Nappe. 

I would suggest that the arguments given above are sufficient 
to establish the existence of a groat system of thrusts upon the 
Nagthat-Blaini-Krol-Tal-Nummulitic succession in Tehri Garhwal and 
British Garhwal. These thrust-nappes exist now as three outliers 

(1) Satengal outlier, covering about 7 square miles ; 

(2) Banali outlier, covering 2 square miles ; 

(3) Garhwal outlier, covering approximately 240 square miles. 

The liijni Nappe, is possibly relatively local in origin, but the 
main nappe of the Garhwal system, which includes the Satengal 
and Banali outliers, and the Amri and Lansdowne synclines in the 
Garhwal outlier, has certainly travelled a great distance. 


3. Further outliers of the Garhwal Nappes. 

Besides working in the Lansdowne area of British Garhwal, 
Middlemiss also mapped a syncline of schists and quartzites intruded 
by gneissic granite at Dudatoli (30° 03' : 79° 12') 1 . He pointed 
out (page 40) the exact similarity between the gneissic granites of 
Dudatoli and Lansdowne, and also (page 130) the fact that the only 
synclincs of importance along a line from the Plains to the Main 
Himalayan Range are connected with the gneissose and schistose 
series. I would go further in believing that the schistose rocks 
into which the Dudatoli granite is intruded are the same as those 
of Lansdowne, Amri, Banali and Satengal, which have already been 
described. Similarly, the gneissic granite of Ranikhet and Dwarahat 
is intruded into phyllites of the same type. 

There is no evidence in the regions in which I have mapped or 
traversed for the equivalent of tho Jutogh series of Simla described 

1 Xtc. Oeol. Surv. Ind., XX, pp. 40, 130, (1887). 

Q 
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by Pilgrim and West. The granites of Lansdowne, Dudatoli, Dwara- 
hat and Ranikhet appear in all cases to bo intruded into phyllites 
of one type, corresponding to the more metamorphosed facies of 
the Ghandpurs. These rocks may possibly be equivalent to the 
Chail series of West. The local increase in metamorphism to garnet- 
chiorite-phyliite, garnet-chlorite-schist, fine-grained biotite-schist, 
chiastolite schist, which is attributable to contact effects in proxi- 
mity to the intruded granites, appears to take place in the Chandpur 
series of schistose phyllites and not in a higher and altogether dis- 
tinct series such as the Jutoghs of Simla. This fact I can state 
with certainty to be true of the Lansdowne area where it is definite 
that there is no additional series above the Chandpurs of the Inner 
Schistose group. My briefer examination of the Dwarahat-Dudatoli 
area suggests the same conclusion, one which seems inevitable indeed 
from the observations of Middlemiss, mentioned in the passage 
which I have quoted in an earlier paper 1 2 . In this passage he points 
out the gradation in a single series from schist to ordinary slate. 
Mr. West, in a recent discussion of this problem, accepted that the 
Jutogh Thrust may not be of widespread significance towards the 
south-east 3 . 

In all these cases, the schistose rocks, with or without intruded 
granite, appear to overlie in synclinal form less metamorphosed 
limestones and quartzites. Consequently, besides the three outliers 
of the Garhwal Nappes which I have discussed in detail above, 
I would suggest that the Dudatoli-Dwarahat-Ranikhet-Almora region 
also represents a syncline or group of synclines which may be out- 
liers of the Garhwal Nappes. In the map (Plate 36) only one 
generalised syncline has been shown, since no detailed mapping 
has been done in this area, except by Middlemiss around Dudatoli. 

4. Age of the Krol and Garhwal Thrusts. 

The maximum age of the Krol Thrust is established by the 
presence below it of Nummulitic and Dagshai rocks. This thrust 
cannot, therefore, be older than Burdigalian. 

Below the Garhwal Thrusts occur Nummulitics and possible 
Dagshai rocks. These thrusts are therefore certainly younger than 


1 Rec. Gtol. Surv. bid., XX, p. 137, (1887). 

*Op. cit., LXVII, p. 412, (1934). 

■ Current Science , 111, p. , (1935). 
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the Eocene, and are possibly, as in the case of the Krol Thrust, 
not older than Miocene in age. This is in agreement with the 
recent discovery of Nummulitic and Dagshai rocks by Mr. West in 
the Shali area, below the Chail Thrust 1 . 

Since no Siwalik rocks are found in the windows, or below the 
outliers, it might be assumed that the thrust movements took 
place after the Burdigalian but before the Siwaliks had time to be 
deposited there, an assumption which would make the movement 
about Helvetian in age. If, however, the Siwaliks never extended 
so far to the noHh-east, this argument fails, since it is possible to 
imagine the thrusting to have occurred a considerable time after 
the Nummulitics and Dagshais had been laid down and while the 
Siwaliks were being deposited elsewhere. 

That some of the movement along the Krol Thrust is more recent 
than Helvetian is proved by the frequent juxtaposition of pre- 
Tertiaries upon the Nahans between the Jumna river and north 
Bengal. Further, in places even the Upper Siwalik conglomerates 
are involved in overthrust by the pre-Tertiarics. Ten miles north- 
west of Dehra the boulders of these conglomerates are so shattered 
that it is impossible to obtain a hand specimen of them. Similar 
overthrusting occurs at Bilaspur on the Sutlej river (31° 20' : 7G° 
45') 2 . These movements must be of Lower Pleistocene or even of 
later age. Yet it is difficult to believe that the major horizontal 
movements of the Krol and Garhwal Nappes over a distance of 
several miles tool? place as late as this. By Lower Pleistocene 
times, the rising Himalayan chain must have been dissected to such 
an extent into blocks by deeply eroding streams that the upper 
nappes had already been worn away into outliers. The formation 
of these upper nappes can only have taken place before erosion had 
proceeded to such an extent that the outcrops of the nappes along 
an alignment in the direction of movement had been divided off 
into separate outliers, unable to translate the stresses as a unit. 
Both the Krol and Garhwal Nappes have been strongly folded, 
possibly as a result of the resistance offered by the floor upon which 
the movement was effected. There has since been erosion of these 
thrusts with the resulting formation of the windows and zig-zag 
outcrops, and it may b$ accepted that the major part of the move- 
ment along these thrusts took place before river dissection had 

1 Bee. Geol. Burv, Ind. t LXXI, p. 72, (1937). 

*Op. cit. t LX VII, p. 444, (1934). 

a 2 
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reached its present pronounced stage. It may, therefore, be assumed 
that there has been more than one period of movement, the stronger 
movements perhaps during the Helvetian, and the later movements 
during the Siwalik and post-Siwalik. 


IV. SNOWY RANGES. 

I have visited the higher Himalaya of this region twice ; in 
1932, when a traverse was made up the Alaknandh valley to Bad- 
rinath, Mana and the Arwa valley ; and in 1935, when the Bhagirathi 
valley was ascended up to some of its tributary valleys in the neigh- 
bourhood of Harsil, Gangotri and Gaumukh. A brief lithological 
description of the rocks encountered along the Alaknanda valley 
has already appeared 1 . It is intended here to mention only a few 
points concerned with the snowy ranges of the higher Himalaya. 

The snowy ranges between the Bhagirathi and Alaknanda valleys 
may be divided into two zones by a fairly well defined line. The 

m , southern zone, forming the Main Himalayan 

Kange as seen from Landour and Lansdownc, 
consists predominantly of paragneisses and schists, dipping towards 
the north-east, and presenting a scarp face towards the Plains of 
India. The northern zone is of granite, out of which the peaks in 
the Gangotri and Arwa basins are carved. The boundary between 
these two zones is shown on the map (Plate 37). I disagree with 
the mapping of Griesbach, who has drawn in the neighbourhood 
of Harsil and Dharali what appears to me to be an artificial boundary 
between Haimanta slates and a combined group of granite and 
mctamorphics 2 . 

The rocks of the Main Himalayan Range consist of a varied 
assemblage of schistose phyllites, schists, and granulites intruded 
by gneissic granite and pegmatite. They rest 
H™mX h y.n Range' u P on little metamorphosed shales, phyllites, 
limestones and quartzites, from which they are 
separated by a thrust plane. This thrust is well seen at Sini 
(30° 46' : 78° 36') and occurs near mile 158 on the pilgrim track from 
Hardwar to Badrinath. The rocks immediately above the thrust 

1 Rec. Geol. Svrv. Ind. t LXIX, p. 133, (1035). 

* Jfem. Geol . Surv. Ind. t XXIII, (1891). 
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appear similar to those of the metamorphosed Chandpur series found 
in some places at the base of the Krol Nappe and more generally 
in the main Garhwal Nappe. 

The main suite of metamorphosed sediments must belong to a 
different unit. The rocks of this suite were originally shales, shaly 
sandstones, sandstones, calcareous shales and limestones. In their 
present mctamorphio condition they form a series that is character- 
istically granulitic, consisting of quartz-biotite-granulites, often with 
garnet and felspars, quartzites, hornblonde-granulites, diopside-cal- 
ciphyres, marbles, biotito-garnet-schists and kyanite-schists. The 
calcareous rocks are best developed between Badrinath and Maua, 
but occur to some extent up the Rudagaira valley (30° 55' : 78° 54'). 
It is possible that this suite is equivalent to the Jutogh series of 
Simla. 

The granites to the north of the Main Himalayan Range probably 
occur continuously from Dharali (31° 02' : 78° 47') eastwards to 

„ , the Saras wati valley and Kamot peak. Several 

Granite zone. . « . . 

types of granite are present, including musco- 
vite-tourmaline-granite, biotite-muscovite-granitc and adamellite. 
Porphyritic types are common at Bhaironghati, Jangla and up the 
Nela (Lamkaga) valley. 

Some of these granites are sheared and crushed. The presence 
of patches of granular blue quartz is suggestive of crushing, a fact 
which struck nvy 9 colleague Dr. .1. A. Dunn on being shown speci- 
mens. Shearing is well seen at a height of 10,300 feet up the Nela 
valley (about three miles from Harsil), where there is a contact 
between the granite and overlying metamorphics. The garnet of 
the metamorphics has broken down retrogressively to chlorite, 

while the granite has been sheared and mylonitised through a 
width of 150 feet at right angles to the plane of contact, with the 
development of marked schistosity and the destruction of the 
phenocrysts. 

It would appear from these facts that some at least of these 
granites are not post-tectonic in the sense of the post-tectonic 
granites which cut across the decken in the Alps. These strained 
granites may have been intruded either during the ipajor thrust 
movements, or at an altogether earlier period. It was considered 
above that the Lansdowne granite was intruded before the forma- 
tion of the Garhwal Thrust and that it was pre-Miocene. 
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V. POSSIBLE NORTHWARD EXTENSION OF THE GARHWAL 

NAPPES. 

It has been stated that • the main Garhwal Nappe occurs as 
synclinal outliers resting upon less metamordipsed rocks. Reasons 
have been brought forward for regarding the schistose rocks and 
granite of JDudatoli as belonging to the same overthrust unit as 
those of the Satengal, Banali, Amri and Lansdowne outliers. The 
nearest schistose rocks to the north-east from Dudatoli occur at the 
base of the Main Himalayan Range, where they too appear to lie 
with a thrust contact upon less altered limestones, quartzites and 
slates. It would seem possible, therefore, that the main Garhwal 
Nappe joins up with the rocks at the base of the Main Himalayan 
Range and that the minimum distance of translation of this tectonic 
unit may be about 50 miles (80 km.). Jt appears that the graniteB 
were intruded principally into the Garhwal and overlying units 
and were thrust with them for miles towards the south-west, over 
rocks which arc free from granitic intrusions, but are in places 
considerably injected Avith basic magma. 

Finally, comparison may be made with the eastern Himalaya. 
In eastern Nepal and north Bengal there are two main dislocations - 

(1) the thrust causing the Gondwana rocks to lie upon the 

Siwaliks : 

(2) the thrust separating the Dating series from the under- 

lying Gondwauas. 

These two thrusts may be analogous respectively to the Krol 
Thrust and one of the Garhwal Thrusts. Near Udaipur Garhi 
(26° 57' : 86° 32') there are bleaching carbonaceous slates and a 
dark crystalline limestone which resemble the Blaini and Krol series 
of the western Himalaya, and which, *ike them, rest upon Siwalik 
rocks. 1 Further, it may be remarked that the schistose phyllites 
of the main Garhwal Nappe appear to be identical to the Daling 
series of Nepal and Sikkim. In both areas, these schistose rocks 
are thrust upon Gondwanas or the equivalent of Gondwanas. 

VI. EXPLANATION OF PLATES. 

Plate 35. — Map No. 53 J/S. W. f reduced to the scale of 1 inch —4 miles, showing 
the disposition of the main tectonic units in the neighbourhood 
of I)chra and Rikhikesh. 

1 Bee, Oeol. 8m v, hid, LX IX, p. 343, (3935). 
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Plate 30.— Tectonic Sketch Map of the (Jarhwnl Himalaya, including a portion 
of 1 : million map No. 53. This map is based on the surveys and 
traverses of 0. S. Middlemtes, C. L. Griesbaeh, and .J. B. Auden. 
Auden alone is responsible for the tectonic interpretation of the 
geological results. The limits of the inferred Gurhwal Nappe be- 
tween Dudatoli and Ranikhet are conjectural. 

Plate 37, Fig. 1.— Section across Siwalik Range and Lower Himalaya in 1"— 2 
miles map No. 53 J/8.W. 

Fig. 2.— Section across the composite Garhwal Syncline showing 
Amri and Bijni Nappes and the unconformity below the 
upper Tal Calc. giit. (Scale l'r t mile.) 

Fig. 3.— Tectonic section across the Garhwal Himalaya. A prelimi- 
nary attempt. (Scale 1**8 miles.) 
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MISCELLANEOUS NOTES. 


An inclusion of coaly shale in Deccan T rap at Indore, Central 

India. 


In July, 1934, the Director of the Institute of Plant Industry 

sent a sample of ‘ coal ’ discovered at a depth of 19 feet from the 

... .... surface as an inclusion in ‘ black trap rock ’ 

Discovery of Inclusion. ^ (22t) ^ ^ ^ ^ 

during blasting operations in the course of digging a well. 

Dr. M. S. Krishnan, who was Curator of the Geological Museum 
at that time, reported the specimen as ‘ shaly coal, dull black in 
colour and showing fine bright streaks of mate- 
* * rial (presumably of the nature of vi train) \ It 

was analysed in this laboratory with the following results, an ana- 
lysis by Mr. Y. Wad, Chemist to the Institute of Plant Industry, 
being given for purposes of comparison : — 


Moisture . 





For coat. 

2-80 

For coat. 

Volatile matter , 

, . 

. 

. 

. 

20*23 

16-595 

Fixed carbon 

. 

. 

. 

• 

18-92 

. . 

Ash . 

• 

• 

• 

• 

68*05 

58-03 

Spocifio gravity . 





10000 

188 

2-04 

Caking properties 


. 


. 

. Does not cake 

. . 

Colour of ash 


. 

. 


. Pink-buff 


Analyst 


. 

• 

• 

. Mahadoo Rani 

Y. Wad. 


The specimen is thus a coaly shale as it contains more than 
50 per cent, ash. 1 The powdered mass is registered as N. 857 in 
the collections of this Department. 

Further correspondence elicited the information that the size 
of the coaly shale as found was approximately 12 inches x 15 
inches X 9 inches. As the well in which the 
°* inclusion was found was full of water, it was 
not possible to send specimens of the rock in 
which it was embedded until March, 1935, when specimens of trap 
from above and below the coaly shale were received from Indore. 


Further details 
mode of occurrence. 


1 Fermor a L. L. t itec. Qcol. Surv . Ind LX, p. 345, (1928}. 
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These were collected in the well at depths of 18 feet (47/867, 23888), 
21 feet (47/868, 23889), and 23 feet (47/869, 23890) respectively, 
the first being above the site of the inclusion, and the two latter 
^ below it. 

The specimens and sections were examined by Sir Lewis Fermor 
who stated : — * The specimens of both the overlying trap are of 

Examination of aped- P°rphyritic basalt containing not only abund- 
mens and sections of ant phenocrysts of plagioclase, but also altered 
<rap ’ phenocrysts of olivine, now completely altered 

to what is probably delessite, with iddingsite in one case. They 
might be parts of the same flow, the highest specimens showing 
vesicular tendencies.’ 

As a result of doubts as to the authenticity of the occurrence, 
advantage was taken of the visits of Mr. W. D. West to Indore 
in connection with the Indian Science Congress, 

Additional sections of and he was requested kindly to examine the 
well in question. Mr. West stated 

f When I visited Indore in October, 1935, the water-level in 
the well was too high for me to see anything. In January, 1936, 
however, the water-level was about 25 feet below ground-level. 
Thanks to Mr. F. K. Jackson, in whose compound the well is, I 
was able to descend into the well by sitting on a charpoy which was 
let down with ropes. This gave me a good view of the sides of the 
well all round. 

It is quite clcajr that there is now no trace of coaly shale any- 
where in the sides of the well. The information at Indore suggested 
that the coaly shale was a large “ lump ” situated towards one 
side of the well, and not a seam. It occurred 19 feet down, My 
own observations showed that the sides of the well are entirely 
trap, and it is clear that the whole of the coaly shale must have 
been removed when the well was sunk. 

Examination of the sides of the well suggested that there might 
have been a flow junction at 16J feet down. At this level, there 
was rather a sharp line all round the well, below which the trap 
was very “ platy ” for six or eight inches, while above and below 
it was more massive. I could see no abundant vesicles near this 
point. 

Cursory examinatioii of the microscope slides (24496-24499) of 
the rock above and below the possible junction showed that there 
are -slight differences in the rocks, but I did not have time before 

H 
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leaving for camp to examine the slides very thoroughly. There 
was nothing to suggest it was a dyke. 

There is no doubt whatever regarding the authenticity of the 
discovery. Unfortunately there is no more of the rock left at 
Indore.' 

Various theories have been put forward to explain this occur- 
rence, but the one that seems to have most support is that the 

Possible origin inclusion is part of an intcrtrappean shale 

s caught up by a trap flow. Whatever the ori- 

gin, the occurrence has great interest, and for this reason it is 
recorded herewith. 

A. L. Coulson. 


Octahedral Pyrite Crystals from the Kohat District, North- 
West Frontier Province. 

My colleague, Dr. J. A. Dunn, identified as pyrite certain small, 
slightly distorted, octahedral crystals which I had given me at 
Kark (formerly Kharak ; 38° T : 71° 5' 30") in the Kohat district, 
North-West Frontier Province, when I was inspecting the local oil- 
shale occurrences in January, 1936. The crystals are found com- 
monly along the Tarkha Algad near Kark in a ?Laki gypseous 
series overlying the salt marl and are collected by the local small 
boys. The largest crystals have axes of 7-8 mm., but most crystals 
have axes of about 5-6 mm. , 

After the thin gothite covering had been removed by sandpaper 
from its faces, Mr. P. C. Roy kindly analysed one of the crystals 
of pyrite for me in the Laboratory of the Geological Survey of 
India with the following results : — 

Per cent. 


Fe 47*09 

S 52*40 


99*49 


Dr. Dunn's polished section of a crystal showed no traces of 
magnetite but thin veins of gothite which were irregular in places 
and then followed cleavage planes. This gothite would account for 
the high percentage of iron, theoretical pyrite having 46*6 per cent, 
of iron and 53*4 per cent, of sulphur. A small amount of water 
must also be present. 



Part 4.J 


Miscellaneous Notes . 


m 


Pynte, of course, is a common mineral in the gypseous series 
referred to above, and its presence has been reoorded often by 
Wynne and Pascoe amongst others. No reference seems to have 
been made, however, to crystal forms other than the cube and 
pyntohedron, though I have a recollection of reading of ‘ black 
diamonds really pynte crystals of octahedral shape, occurring in 
a series of age similar to the gypseous series at Kark. 

Though Ford 1 says the octahedral form of pyrito is 1 also com- 
mon \ almost perfect octahedra of that mineral are rare as there 
is usually a development of pyritohedral faces with the octahedral, 
Octahedra certainly occur in Pennsylvania, 2 accompanied by rarer 
forms with curved faces. Dr. Dunn has noted octahedral faces on 
pyrite crystals in Bawd win ores from Burma and Mr. B. C. Gupta 
has shown me octahedal faces on pyrites in association with quartz 
and calcito from Kerakibari (25° 45' : 74° 12') in the Todgarli tahsil 
of Ajmer-Merwara. 3 However it would appear that the occurrence 
of these small octahedra of pyrite near Kark is worthy of record. 

A. L. CoulsoiV. 


Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India : July to September, 1936. 


Coal. 


— 

July. 

August. 

September. 

Quarterly 
total for 
each 

Province. 


Tons. 

Tons. 

Tons. 

Tons. 

Assam .... 

Baluchistan .... 
Bengal .... 

Bihar 

Orissa 

Central Provinces . • , 

Punjab .... 

18,218 

163 

465,450 

1 856,095 

3,003 
127,109 
4,308 

17,783 

345 

524,006 

893,028 

1,692 

106,413 

4,418 

15,994 

360 

602,413 

1,030,288 

2,475 

97,619 

10,615 

51,995 

877 

1,591,874 

2,779,411 

7,170 

331,141 

19,339 

Total » 

• 

1,474,349 

1,547,685 

1,759,773 

4,781,807 


1 * A (Text-Book of Mineralogy \ after Dana, p. 433, (1932). 

* Penfield, Avmu Joum . &ci. 9 XXXVII, p. 209, (1880). 

• Jfero. Oeol . Surv . Ind. t LXV, Pt. 2, p. 169, (1034). 
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Gold. 


— 

, 

July 

D 

c eptfembe». 

Quarterly 
total for 
each 

Company. 


Ozs 

S Ozs. . 

0*8. 

* 

Ozs, 

The Mysore Gold Mining Co,, 
Ltd. 

8,161 

8,162 ' 

7,900 

24,223 

Tho Champion Reef Gold Mines 
of India, Ltd 

5,885 

5,884 

5,694 

17,463 

The Ooregam Gold Mining Com 
pany of India, Ltd, 

4,349 

4,338 

4,379 

13,066 

The Nundydroog Mines, Ltd. . 

9,635 

9,637 

9,619 

28,891 

Total 

28,030 

28,021 

27,592 

83,643 


Petroleum. 


— 

Ciude 

Petroleum 

Total gasolene 
from natural gas. 


Gallons. * 

Gallons. 

Assam . 1 

10,353,632 

N\l 

Burma 

67,489,517 

2,222,493 

Punjab 

996,720 

i 

114,606 

Total 

84,839,869 

2,337,099 


♦These figures represent the total amounts of gasolene derived from natural gas 
at the well-head. Of these amounts, a portion is sold locally os ‘ petrol ’ and the re- 
mainder is mixed with the crude petroleum and scut to the refineries The figures 
given in the two columns, therefore, together represent the total ‘ raw products^ ob- 
tained. Those remarks apply to the similar totals quoted in previous Records, 


A. M. HERON. 













through Jauns&r-Bawar and Tiri-Garhwal. Goology ol Garo Hill*. Indian image- 
stones. Soundings recently taken off Barren Island and Narcondam. Talchir boulder- 
beds. Analysis of Phosphatio Nodules from Salt-range, Punjab. 

Part 8. — Fossil vertebrate of India. Echinoidea of cretaceous series of Lower Narbada. 
Valley. Field-notes : No. 6— to accompany geological sketch map of Afghanistan and 
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps. 
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Bait-range in Punjab. 

Part 8. — Retirement of Mr. Medlicott, J. B. Mushketoff’s Geology of Russian Turkiston. 
Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, 
Section I. Geology of Simla and Jutogh. ‘ Lalitpur ’ Meteorite. 
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S ortion of Raipur. Notes on Upper Burma. Boring exploration in Chattisgarh coal- 
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Himalayan Gneissose Granite. Papers on Himalayan Geology and Miscroscopio- 
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Vol. XXI, 1008. 

Part 1 . — Annual report for 1887. Crystalline and metamorphic rooks of Lower Himalaya,. 
Garhwal, and Kumaun, Section III Birds’-nest of Elephant Islard, Mergui Archi- 
pelago. Exploration of Jossa liner, with a view to discovery of coal. Facetted pebble 
from boulder bed speckled sandstone ’) of Mount Chel in Salt range, Punjab. 
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Von. XXI [, 1889. 

Putt 1 {out of print ). — Annual repprt for 1888. Dharwar System. in South India. W.ijra- 
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Generic position of so-called Plesiosauraus Indicus. Flexible sandstouo or Itacolum; f «' 
its nature, mode of occurrence in India, arid cause of its flexibility. Siwahk and 
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smelting in Malay Peninsula. Provisional Index of Local Distribution of Important. 
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Vol. XXIII, 1890. 
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Part A - — Geological sketch of Naini Tal ; with remarks on natural conditions governing 
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Vol. XXIV, 1891. 
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theory of Origin and Age of Salt-Marl. Graphite in decomposed Gneiss (Latent®) in 
Ceylon. Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and 
* Beh * from Aligarh in North-Western Provinces. Analysis of Dolomite from Salt 
range, Punjab. 
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Miscellaneous Notes. 
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beaiing Deposits. Index to Volume XXXIII. 

Vol. XXXIV, 1906. 
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Fauna from Pishiu District, Baluchistan Geology of poition of Bhut.m Coal 
Occurrences m Foot-hills of Bhutan. Dandli Coal-field . Coal outcrops in Kotli Tchsil 
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Gibhsite with Manganese-ore from Talevadi, Bel gaum district, and Gibbsite. from 
Bliekowli, Satar District. Classilication of Tertiary system in Sind with roferernc to 
Zonal distribution of Eocene Ecbinoidea. 
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between Tirap and Namdang Streams Kabat Anticline, near Seiktcin, Myingyan 
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Northern part of Gwegyo Anticline, Myingyan District, Upper Burma, Brevnia 
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Vol. XXXV, 1907. 
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Nuinmulitic Senes. Meteoric Shower of 22nd October 1903 at Dokachi and neighbour- 
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Part 3 {put of print). — Mineral Production of India during 1906. Ammonites of Bagh 
Beds. Miscellaneous Notes. 

Part S . — Marine fossils in Yen&ngyaung oil-field. Upper Burma. Freshwater shells of 
genus Batissa itt.-Yenangyaung oil-held. Upper Burma. Now Species of Dendrophyllia 
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Part 1 . — General report for 1907. Mineral Production of India during 1907. Occurrence 
Of trialed boulders in Blaini formation of Simla. Miscellaneous Notes. 

Part 2. — Tertiary and Post-Tertiary Freshwater Deposits of Balu Mstan and Bind. Geology 
and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal Hills for 
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daung Oil-field. Silver-lead mines of Bawdin, Northern Shan States. Mud volcanoes 
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Vol. XXXVIII, 1909-10 
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Part 2 . — Ostrea latimarginata in Burma. China-clay and Fire-clay of Rajmahal Hil'j. 
Coal at Gilliurria. Pegu Inlier at Omlwe. Salt Deposits of Rajputuua. Miscellaneous 
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Part 2 ( out of print). — General Report for 1909. Mineral Production of India during 1909 
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Part 1 . — Age and continuation in Depth of Manganer-e-ores of N agpur-Balaghat Area, 
Central Provinces. Manganese-ore deposits of G.-ugpur State, Bengal, and Distribu- 
tion of Gondito Senes in India. Baluchistan Earthquake of 21st October 1909. Iden- 
tity of Ostrea Promenr.es from Pegu System of Burma and Ostrea Digitalina Eich- 
wald from Miocene of Europe. Mr. T. R. Blyth. Miscellaneous Notes. 

Part 2 . — General Report for 1910. Devonian Fossils- from Chitral, Persia, etc. Sections 
in Pir Panjal Range and Sind Valley, Kashmir. 

Part 3 . — Mineral Production of India during 1910. Samarskite and other minerals in 
Nellore District, Madras Presidency. Coal in Namchik Valley, Upper Assam. Mis- 
cellaneous Notes. 

Part 4- — Pegu-Eocene Succession in Minbu District near Ngape. Geology of Henzada- 
District, Burma. Geology of Lonar Lake, with note on Lonar Soda Deposit. Inter- 
national Geological Congress of Stockholm. Miscellaneous Notes. Index to Volume- 


Vol. XLII, 1912. 

Part /.-—Survival of Miocene Oyster in Recent Seas. Silurian Fossils from Kashmir. 
Blodfte from Salt Range. Gold-bearing Deposits of Mong Long, Hsipaw State, 
Northern Shan States, Burma. Steatite Deposits, Idar State. Miscellaneous Notes. 
Part 2 . — General Report for 1911. Dicotyledonous Leaves from Coal Measures of Assam.. 

Potine Glacier, Knmaon, Himalaya, June 1911. Miscellaneous Notes. 

Part 3 . — Mineral Production of India during 1911. Kodurito Series. 

Part 4- — Geological Reconnaissance through Dihong Valley, being Geological Results of 
Abor Expedition, 1911-12. Traverse Across the Naga Hills of Ass**'^. Indian A5ro~ 
lites. Miscellaneous Notes. 
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The School World 


[Dkimbfr, 1900 . 


Observation^ of the Moon’s Surface.— Usmg a smill 
telescope or held fjliss, observe the moon when it is only a few 
days old Notice that lh<? whole of tht disc 1 111 lx dimly seen 
The edge of the bright part of tit disc t icing the sun is 


I2H 9H 6 H 3H 


i>i( 


3 H (H 9H 17 1 


lu 7 Relitiv in II jf Rising -I tS ^arilSUli tf f Su i in i 1 
1 IjJjT i i l I i It M 

• 

shirply dihned, but the line called tin to nini/o / sqnriting 
Uit illuminated porti >n of tht disc from tht dirk put ion is 
irregular in outline, owing to the fact that the rcnon s suifite 
receiving the sunlight is ntggeil If the •'iirfu.e^jiu. pi rfeetly 
smooth, the ttrmnnloi would be in unbroken ire of in tlhpsi 
Notice tbe I irge dark pitches which gut |ln aj penance Jbf 
the “man in the moonV when seen without optical aid, the>e 
ire still known is “seis, ’ illhough no water otcurs 
in them 1 ook at the moft or less utiiiWr cnities 
well visible on the surlite when the lu^in is ibo it a 
week old , these ate “ lunar craters irtd then apj t u 
ance is much the sime as thil of latge \jIliiiu 
craters Mewed In m ibue When the moon is a 
little more 'hin II tit I nil, look near the tcnninatoi 
in tne in rllie 1 1 ) hmiisphcu (il you usi in astro 
ncmical tclixapc, this will le the 1 wtr hemisphere 
ill the held of view), and a longwange of mount m*, 
the lunir Apennines will lie ceil 
Nolin the daik shielows on tlie sides of the luge 
1 objicts cbservelile on the mot n * they are directed 
"towards the tcrminitor, and ue shadows thi own by 
the sun The sharpness of the shielows shows tbit 
the moon has no ippccnble Uinosphere 


pioon Explain why flijs is improbable. Draw 
a diagrasn-*-lookmg from the north -to show the 
positions of sun, earth, and crescent moon the 
ploughman actiu^Iy sees. 

(3) Explain the inference to fhe direc- 
tion of the hotns 81 the moon in the 
following lines — 

O Lilly Moon, youiiioins point towards the ca l 
Shine, J»e mere ised , 

,0 f idy Moon, your hums point towards the wesl , 
* \\a!ie, be at lesl 

(4} At about what tjme docs the m< 59 h 
" rise it the end ol th’c 1 'irst Quarter and 

at 1 ull Moo 1 ? 

(5) Docs the moon rise every day of the 
month ? If so, why is it not visible every day ? 

(6) In a certain work of fiction an eclipse of the 
sun is described as ‘having occurred the day after 
bull Moon. What have you to say to this state- 
ment ? 

(7) The battle of Crccy was fought on Aug. 2(1, 
a i) 1346, about a week # aftn New Moon. \ 




ftn b dipst, if the Sun 


ItALkl 1SLS 

(1) Statdwliat is meant by the “phases of the 
moon," and explain the cause of them Draw 
a diagram showing the relative positions of the 


“ feartul eclipse ” is reported by some historians to 
have octurre d on the morning of the battle, bhow 
the impossibility of this bung a real eclipse either 
of the sun or moon * 

(8) The next total eclipse of the sun will 
»>orcur on May 17, 1901. # 0 n what day in 

May will there be a New Moon, and about 
what date will the suSceramg Full Moon 
occur ? 

(9) Vospucius, obsSiving in the torrid 
/one and a clear atmosphere, is said to 
have seen*the moon to the east and weg 
ol the sun on the same day. Comment 
upon thi* statement. 

(10) In what direction would you look 
(or Full Mq^n shoitly after sunset ’ 

(11) Artists sometimes depict a stai 
near the toncave side of a crescent moon 
Explain why this is incorrect. 

(12) Comment uponjthe lines 

1 he moon’s an arrant thief, 

And her pale fire she snatches from the sun 

hmon of A them, iVj, in ” 



sun, moon, and earth at New Moon and Full |’ 
Moon. I 

(a) A novelist describes a ploughman ts return- | 
mg home from work by the light of a rising crescent I 
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when the sun is south fif Jthe celestial equator the 
Full Moons are north of it. The snq.i^south of 
the equator in the winter months, hence at tltis 
time of year th£ moon being north of it from the 
First to fhe Last Quarter (see Fig. 6) is longer 
above the horizon ttoan in summer ; for*a large 
part of its diurnal path is presented to us. 

Eclip^pS of the Moon.— Fuwl from a calendar the dates of 
three eclipses of the inbon, pafet or future. Find also the dates 



Fig. j. — E xperiment to illustrate Faith Shine. 

• 

of ihe three full moons irt same month. Notice that the 
dales are the same, thus shotting that eclipses of the moon 
, happen at Fulf Moon. This is true whether the eclipse is 
total or partial. 

Explanation of Eclipses of the Moon. —Place a globe, 
representing the earth, near a lighted lamp representing the 
l!6n. Notice that a*hadow of the globe is thrown by the lamp 
and can be caught upon a screen. Fix a small, ball upon a 
stand and bring it gradually into the shadow until the centres 
of the lamp, globe and ball are in a straight line, and the ball is 
completely immersed in the shadow. This illustrates how an 
eclipse of the moon is caused by the moon passing into the 


satellite is above or below the shadovf cast by the 
earth, and no eclipse occurs. At ftther times the 
moon partially passes through the umbra, and we 
have what is known as a partial eclipse. It is only 
when the centres of the sun, earth, and moon are 
nearly in the same line at the* time of Full Moon 
that a total eclipse pf the moon can occur. 

Eclipsea of the San.— Find from a calendar the dates of 
three eclipses of the sun, past or future. Find also the fJLiles of 
the three new moojis. Notice that the dates are the same, thus 
showing that eclipses of the sun happen aj the lime of New 
Moon. Ot^ervc 1' X thsee kinds of solar eclipses are specified, 
viz., (l) total eclipse, {2) pariial ellipse, (3) annular eclipse. 
Each of these kinds may be visible or invisible in England. 

Explanation of Eclipses of the Ban.— Place a lighted 
lamp and a globe a short distance apart, and a small ball 
between them. Let the ball be at such a distance that its 
shadow only appears as a small spot on the globe. From any 
point wiLhin fntt spot the lamp could not be seen. The condi 
lions of an eclipse of the sun are therefore illustrated by this 
arrangement. NAice that the ball is ig the position for New 
Moon (Fig. 9). 

Arrange the lamp, ball and glohawo that the shadow of the 
ball does not quite reach the surface of the globe. From a 
point just under the apfl&of the cone of shadow, the bill would 
not completely obscure the light, and a ring or annulus of 
luminosity would be seen. This illustrates the conditions of an 
annular eclipse. 

In its movement around the earth the moon is 
sometimes nearer the qjrth than at others. Total 
solar eclipses, when the sun is quite obscured 
by the rnoon, occur when the moon is near its 
nearest point to the earth, and also close to the 
ecliptic at the same time. If the moon is near its 
most remote point, and near the ecliptic at the 
same time, the shadow cast by the moon falls short 



Fk;. 6. — Moon's path am our the Stars in December 

0 * 


shadow of the earth. Notice that the ball is in the position for 
Full Moon whpn the eclipse occurs* raising «or lowering 
the hall so as to be only partially in the shadow, the conditions 
for a partial eclipse of the moon can be illustrated (Fig. 8). 

If the plane in which the moon revolves round 
the earth were coincident 'with that in which the 
earth travels roulfd the sun, there would be an, 
eclips^at each Full Moon. But the moon’s orbit 
is inclined to the plane of the ecliptic, and it there* 
for# happens that usually at Full Moon the earth’s 


of the earth, and consequently the appearance to 
an observer in the line of the shadow is different. 
The moon cuts off all the light of the sun except a 
ring of light surrounding the circle of darkness, 
and *we have what is called an amttdar eclipse » 
Sometimes the moon does not pass in a direct 
line between the sun and the earth at New Moon, 
but is slightly above or below the ecliptic. Under 
these conditions the sun is only partially covered ; 
so a partial eclipse occurs. 
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the monthly retolution of the moon around the earth. An ob- 
server imagined upon the globe would see the hall projected 
upofl. different objects dufing the revolution of the ball in its 
$rbit. In a similar way the moon is seen projected upon diffe- 
rent pans of the celestial sphere on account of its movement 
around the earth. Unlike the eastward motion of the sun, 
which is only an apparent motion due to the real movement of 
the eaith, the eastward motion of the moon is a real motion due 
to the actual revolution of the earth’s satellite. ' 

It will be noticed that the path of the moon 
among the stars, determined as described, is almost 


the same as the apparent annual path of the 
sun. The time occupied in making the complete 
circuit of the heavens in^Fig. 6 is from noon on 
December ist to a little after noon on December 
2<Sth, that is, a little more than 27 days. This (or 
more exactly, 27, \ days) i§ the length of a sidereal 
month , and it is determined, as here explained, by 
observing the interval between two successive 
appearances of the moon on the same celestial 
meridian. 

Relative Positions of Bun and Moon. Notice the relative 
positions of the s>un and moon two or three days after the time 
of New Moon given in a calendar. Make a rough measure of 
the angular di'tance between the two bodies. Repeat the ob- 
servation at the same hour as tnayy nights a% possible, and 
determine from the measures the daily increase of angular dis- 
tance : it will he found to be about 13 0 .* 

Explanation of Relative Times of Rising and Setting of 
Sun and Moon. — Place the lamp, ball, and globe in the position 
to represent the cause of New Moon. Rotate the globe slowly 
on its axis. Notice that the sun (lamp) and moon (hall) would 
appear on the meridian of any place that is due south at the, 
same time. Move the bill for a short distance in the direction 
indicated, and again rotate the globe ; the sun now ri«e«, souths, 
and sets a little before ibe moon. Move the ball to (he first 
Half Moon position, and rotate the globe ; there is now a differ- 
ence of one quarter of a rotation, that is, six hours between the 
times of rising, southing, and setting of the sun and moon. 
Place the ball in the Full Moon position ; the moon now rises, 
4bulhs, and sets twelve hours after the sun, that is, at midnight. 
From this j?oint to the New Moon position the difference 
between the times of rising, southing, and setting of the suu 
and moon decreases. At the beginning of the Last Quarter 
the moon rises, souths, and sets one quarter of a rotation, or six •' 
hours before the sun, and this gets less and less until the sun 
and moon are again upon the same celestial meridian, and there 
rise, south, and set together (Fig. 7)- 


When the moon rises only three 01 four hours 
lifter the sun, a few days after New Moon/ it 
cannot b*e leen to rise because of the overpowering 
brightness of sunlight. But towards sunset this 
bright glare is diminished, and the cresqpnt moon 
is seen^bove the sun in the western sky. This is 
what people call the New Moon, though really the 
New Moon occurred two*»r three days before. If 
the earth had no atmosphere, the crescent moon 
would b§ seen immediately it appeared above the 
eastern horizon, and would b£ visible a little to the 
east of the sun throughout tjie day. • After 
the commencement of the last quarter, there 
is another erescent’moon which rises shortly 
before the sun in the early morning hours, 
and is overpowered by atmospheric glare 
when the sun appears above the horizon. 
From these (acts i^ will be understood that 
0& rising crescent moon could never be seen 
in the evening, nor a setting crescent moon 
in the morning. 

Knowing the position of the sun upon the 
celestial sphere at tiny time, and also the 
position of the moon, it is easy to determine 
the relative times of rising, southing, and 
setting. For instance, in the mefoth of 
December the suji occupiee*points on the celestial 
sphere between the Hours xvi. jjnd xvm. of* 
Right Ascension. The path of the moon during, 
this month is shown in Fig. 6, and also the posi- 
tion of the sun on December 1 and December 21 
(Winter Solstice). The Full Moon is seen to be 
twelve hours distant from the stm, and the Ne*w 
Moon is Seen to be a little north of the position 
the sun occupied on December 22. The relative 
positions of the sun and moon c£h t>e shown 
graphically in this way upon any date, when the 
Right Ascensions and Declinations of the two 
bodies are known, and the diagram thus con- 
structed makes it possible to determine by a glance 
the relative times of rising, southing, and setting 
of the two bodies.* 



Fig. 4.— Kurth Shine on the Moon. 


As the moon when full is a? the opposite point 
of the celestial sphere from tfiat occupied by the 
sun, it follows that when the sun is north of the 
celestial equator the Full Moons are south, and 




Decemrku, 

Demonstration of Phaqffl of the Moon and Related 
Phenomena.— Place a lighted fcinp upon a table, and a globs 
at a short distance from it ; these represent respectively the 
and earth. Obtain a small while ball about one-cpiarter the 
diameter of the glol*e — to represent the moon. Garry the ball 
around theftlobc as indicated in Pig. 2, and notice that, though 
a hemisphere of the hallos always illuminated, the fnnounl of 
illuminated surface visible from the globe depends upon the 
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ball is illuminated, and Lhat the reflection of th« light from the 
globe causes the hemisphere of the hall faejng the globe to be 
faintly visible. The moon receives *.£.’(« th Shine, or sunlight 
reflected from the earth, in the same way a few days before and 
after New Moon, and thus produces the phenomenon observed. 

'Pile phenomenon is known as the “ old moon in 
the young moon’s arms.” It will be noticed that 
the bright crescent moon appears to be part 
of a larger body than the dark portion. 
This is, of course, not actually the" cast', 
the effect being due to what is known as 
irradiation, >n account of which a bright 
object appear^ larger than a dark one to the 
eye, and its image tends to spread out. on 
a photographic plhte. 


FIRST SECOND THIRD LAST 

QUARTER QUARTER QUARTER • QUARTER 

NE«V CRESCENT HALT QlBBOUS F(JU GIBBOUS HALF CRESCENT NEW 

fQOCK fOCOO f 

29j DAYS 
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1 dative positions of the lamp, globe, and hall. Show in this 
way the relative positions of the three bodies, illustrating 
(1) New Moon, (2) Half Moon, (3) Full Moon, (4) Half Mo on 
again. 

Notice that when the lull i. between the globe and lamp only 
the dark side is turned towards the globe. This represents the 
condition for the astronomical New Moon. Move the hall a 
little in the direction indict tad, and a c/fscenl of light can In- 
seen from the glyhe, just as the crescent moon becomes visible 
• a few days after New Moon. 

The moon is shovyti in several positions in its 
path in Fig. 3. In every position sunlight is 
illuminating a complete hemisphere, but it will be 
seen that the foim and extent of the visible illumi- 
nation depends upon the relative positions of the 
earth and irfoon. At New Moon the illuminated 
hemisphere is turned away from the earth, so 
nothing is seen of “bur satellite. As the 
moon travels ip the direction indicated, first 
a crescent of light is seen, then the Half 
Moon, then the gibbous phase, and after- 
wards Full Moon, at which tiiyc the whole 
of the illuminated hen^spherc is seen, the 
moon being directly opposite the sun. From 
Full Melon to New Moon, again, it will be 
noticed that thewchangcs occur in the same 
order. 

As thte moon derives its light from the 
sun, the illuminated part of its surface must 
always face the sun.* This explains why the 
crescent moon seen in the evening always 
has its horns pointed away from the sun, 
that is, towards the east, while in the 
crescent moon which rises shortly before 
the sun, the horns are pointed towards the 
west. , 

! <r‘ 


Eastward Motion of the Moon.— Notice the position of 
the moon on any night. Repeat the obseivation several nights 
at the samcMPur Ohseive Lh.il every night the moon is 
further east At the same hour than it was the night lx foie. 
Notice that on account of this the position of the moon with 
n firenre to the stars Continually changes. 

Determination of Moon’s Ppth among the St&rB. 
From IVhilalet'i .-1/mauwA, or a similar publication, find 11 
date when the moon’s t £ ght Ascension at noon is not far from 
zero. Using srputed paper as in Fig. 6, make a mark at the 
projxr Right Ascrnsion and the corresponding Declination of 
the moon on the date found. Locate similar points upon the 
squared papei to show the Right Asctnsi-m and Declination of 
the moon every day at noon as given in the Almanac, until 
the wivih hour of Right Ascension is reached Connect tin 
points thus determined ; the line obtained shows the path of the 
moon on (he celestial spheic in the month selected. 

Interval between Successive Southings of the Moon. 
Fix a simple thcododite or pointer so that .1 sight can lie taken 
due south. Observe the times at which tin. moon appeal*, due 
south on several nights in succ< *sion. The time of transit will 



Earth Shine and its Cause.- Look for the crescent moon 
as early as possible after New Moon. The dark body of the 
moon can usually be seen embraced by l lie crescent of light on 
one side (Fig. 4). The appearan’ce can always he been with a 
small telescope. 

Place & lamp, ball, and globe in the lelativc positions for 
illustrating the production of a crescent moon A few days after 
New^Moon (Fig. 5). Notice that the globe as well as the 


be found to be about fifty minutes later every night. 1’hc tunes 
of using and setting are correspondingly belated. Test this 
statement by means of the times of rising or setting of the moon 
given in a calendar. 

Explanation of Eastward Motion of Moon.-- Place the 
lamp, ball, and globe upon the table as in Fig. 2. Imagine 
objects and marks upon the walls, floor, and ceiling of the room 
to represent stars. Carry the ball around the globe to represent 
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education is'largely a matter of conjecture. But 
there are signs which enable one to form some 
ideaVrf how primary* instruction is likely, should 
Vbe present conditions continue, to be modified 
in the near future. Elementary, education will 
gradually pass into the hands of women. 

If the reader will visit a pupil teachers’ school 
in a lajrge town, like, to name *any two examples, 
Birmingham or Cardiff, thg disparity in tlie 
numbg: of boys and girls being trained will be 
impressed upon him in a way wjjich no words 
can manage. And not only is there this inequality 
in the numbers, but there is a similar preponderance 
of ability on the side yf the girls. These potential 
sclTUol mi stresses are picked.giils, the best children 
of the elementary schools from which they come. 
The boys are good fellows enough, no doubt, but 
they are in no sense the best boys of their years at 
school. The smartest boys have found their way 
into factory and workshop. To put # the matter 
shortly, the girls are generally tljc intellectual 
superiors of the boys. 

In the course of time, then, it is clear, there will 
not be elementary schoolmasters enough to supply 
the number of boys’ schools existence. The 
first result will be a Headmaster with a stall of 
women assistants. But this can last only as long 
as it is possible to obtain able men of the same 
stamp as those who administer our elementary 
schools at the present time. The intellectual 
superiority of the women, becoming year by year 
greater, will eventually Become so pronounced 
that it will be impossible to ask the highly- 
endowed and excellently - trained mistress to 
occupy a position subordinate to a man who is 
so manifestly her inferior in all mental activities. 
Then the heads of the schools will have to he 
chosen from among the women. There will, 
doubtless, for some time continue to he men 
assistants, but they will become fewer and fewer 
until eventually the only subjects entrusted to 
men teachers will be manual training, drill, and 
physical exercises. In any event, unless the 
picsent tendency is stopped in some way or 
another, the elementary schoolmaster will become 
as extinct as the dodo. * 

'This substitution of women for men teachers 
does not take place so rapidly as the difference in 
numbers of the boy and girl pupil-teachers would 
load one to suppose, because the ranks of the 
mistresses are being continually thinned by an 
ever-present counter-attraction to the pedagogic 
passion. A considerable percentage ot the women 
become married every year, and the duties of 
married life, in the case of the wives, interfere so 
much with the demands of a school that, as a 
rule, to be married is for a woman to resign her 
position as a teacher. 

The usurpation of the woman teacher is going 
on in America in just the same way. Consider 
the following numbers from “ The Report of the 
Commissioner of Education ” for the United 
States for the year 1897-98. The numbers apply 
entirely to the “ common schools,” whictfi include 
the public schools of elementary grade— the first 


eight years of a coyrse# of study — and the 
Secondary grade— ninth twelfth years of tlfe 
course of'stfldy : — 


1 

1S79-3.1. 

* 

iSSy-yo 

• ift> 7 -o'. 

Male teachers , . 

• 

122,795 

* 25,535 

131,750 

Female teachers . . ... j 

161,^98 ; 

238,397 

* 77.44 3 

I’er cent, of male teachers 

V 

34*5 

32 2 


If thest conclusions are cinrect, and uf this 
usurpation of women is considered undusitabia* 
it is manifestly of the lugheA importance that 
immediate steps should be taken to improve the 
attractiveness of the schoolmasters’ prospects. It 
must he made as wcrtli while ior a bright, 
intellectual boy to become a teacher as tt) go 
into a factory, a warehouse, or a shop. He must 
he abl$ to earn as much ; nis future must appear 
just as hopelul ; and in some manner the public 
estimate in which he is held must he improved. 
It is all very well for School Board candidates to 
talk of the nobility of life teacher’s woik, to 
refer to the high esteem in which the public hold 
him, and the honoured old ago to which he can 
look forward. But to have a real effect in counter- 
acting the tendencies to wfeich attention has been 
drawn, these assertions 5 f election tyues must be 
translated into facts of which there can be “ no 
possible, probable shadow of doubt, no possible 
doubt whatever.” 


OBSERVATIONAL ASTRONOMY. 

A Smuts of Noins upon the Positions and 
Apparent Mo i ions oi- Cleesii^i. Bodies, 


]}y K. A. GrkoORI, F. k. A S. 

Piofessor of Aslioflomy, Queen's College, London. 

V. — The Moon and Eclipses. 


( 'Concluding . I rti< le ) • 

Length of a Lunation. Find the tune flf New Moon bom 
a calendar. Observe the moon two or three nights blur ; ,uid 
when you think it is Half Moon reckon the number of day-, 
that have elapsed since New Moon. In a similar way, find 
the number of days frory^Iulf Moon to Full Moon, from Half 
}Jkuui to Last (barter, and from Last (Quarter to New Moon. 

The following dales, for instance, have been obtained m tins 


way . 


1 l.ltLS 

dI IJuarlrrs. 


1-eiiKih-. 
of Quarleis. 


1st Quail er, 
2nd (Quarter, 
Jrd (Quarter, 
Last Quailer, 


New Modh, April, 13 4 23 A.M.} „ 

Half Moon, April, 20 10 47 I’.m.} ? * 

Full Moon, April, 27 I 47 l\M.} 5 ^ 

Hall Moon, May, 4 3 25 i-.m.} ' 1 ^ 

New Moon, May, 12 7 4(1 l’.M. } 4 1 


Tolal Length of Lunation ^ 29 15 23 

The Average Length is 29$ Hays (hg. 1). * 


The shape of the moon should be drawn from week to week 
111 conneclipn with these observations. 
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Occasionally one is«led,by the class into unex- 
pected places. Alter finding that when acid ads 
on metal, and hydrogen is evolved/ 7 th'ere is* no 
evidence to show either that the hydrpgen comes 
from the metal or from the acid, the large majority 
of a class adopted t^ie hypothesis that ttye hydro- 
gen comes partly from the metal and partly from 
the acid. They have aLpresent to test the validity 
of that hypothesis, and I shall be interested to see 
how they do it. 

I have dealt abotfe with a few selected subjects, 
ihope to deal with others on another occasion. 

In conclusion, 1 .would repeat my conviction 
that rational and heuristic teaching untrammelled 
is interesting and invigorating alike to teacheT 
and taught — as part of a compromise it is a 
failure. 


THE SUPPLY OF PUPIL TEACHERS. 

T HE character of English elementary education 
depends more upon^the teachers in the public 
elementary schools than upon any other deter- 
mining factor. Any ccisiderations which influence 
the training* the supply, or the status of elementary 
teachers will have an immediate and profound 
effect upon primary instruction. Fortunately, this 
vital importance of the teacher has been very fully 
recognised in recent years — a fact which has re- 
sulted in great Improvements in the care taken to 
prepare him for his work. Prominent among 
such steps in advance are the changes effected in 
the training of pupil teachers. 

Schools expressly intended for the instruction of 
young apprentices have been provided in every 
town of any importance. It is now understood, 
moreover, that it he is to learn satisfactorily, the 
young teacher must not first have his energies 
sapped by a day’s work of trying to keep a large 
class of little children in order, and of endeavouring 
to teach them something as well. A town pupil- 
teacher spends but half his day imparting know- 
ledge ; the othfcr moiety is devoted to his own 
intellectual growth. Not only so : whereas a few 
years ago he was entirely dependent upon his 
headmaster for all the instruction he could get, 
which, in an undbrstafied school, was precious 
little, the pupil teacher of to-day has at his disposal 
a staff of specialists, often graduates, who have 
made a study of his particular requirements. A 
pupil teacher’s lot, in other werds, should be a 
fairly happy one. 

It might reasonably be su§p9sed that concur- 
rently with these improved ednditions a keener and 
keener competition for the position of pupil teacher 
would have been noticed between the brightest 
boys of the elementary school. If, with all the 
disadvantages under which the apprentice laboured 
a few ^ears ago, t^iere was little difficulty in obtain- • 
mg as many boys as pupil teachers as the schools 
required, surely now, with improved conditions, 
the only difficulty is an increased trouble of selec- 


tion in view of the larger number Of applicants. 
This is a natural train of reasoning. But the 
exact opposite appears to be true. In towns, at 
all events, side by side with the apparent attrac- 
tiveness of a ■pupil teacher’s life, an increased 
difficulty in getting boy apprentices has grown 
up. In many large manufacturing, and in some 
distributing centres, scarcely a boy pupil-teacher 
can be obtained locally. Even those boys who 
are secured are the second best. The pick of the 
elementary schools are drafted into works and 
warehouses. 

The reasons for this are not far to seek. They 
are chiefly questions of £ s d. In large towns a 
lad leaving an elementary school at the age of, say, 
fourteen or fifteen can obtain a larger weekly wage 
if he goes into a factory or warehouse than if he is 
apprenticed as a pupil teacher. The working-class 
parent hq.9 very little faith. One of his favourite 
proverbs is “ A bird in the hand is worth two in 
the bush.” With no power of looking forward, 
a parent of this kind is totally incapable of com- 
paring a successful elementary schoolmaster and 
a successful artizan at, say, the age of thirty. It 
is this want of imagination rather than selfishness 
which leads the parent to prefer the factory to the 
school. The immediate gain to themselves they 
understand; the future prospects of their son do 
not so strongly appeal to them. 

But though this is the chief reason for the 
scarcity of boy pupil-teachers, there are other 
minor causes tending to bring about the same 
result. One of these is the inadequate provision 
of training colleges. Only about a third of the 
candidates who yearly’ present themselves at the 
Queen’s Scholarship Examination can — so limited 
is the accommodation — expect to enter a training 
college. The trained teacher monopolises the 
good posts in the public elementary schools, and 
the chances of a place in a training college may 
well seem remote to the parents of a boy who is to 
be provided with some work in life. This diffi- 
culty of supply has, up to the present, only been 
experienced in the ca^e of the boys. There is no 
dearth of girl pupil-teachers. On the contrary, 
the supply is saiiNo be, in some districts at least, 
in excess of the demand. The result is that the 
managers of schools are able to pick and choose in 
the case of the girls, while in the case of the boys 
they have to take what they can get and be thank- 
ful. The methods sometimes adopted in the 
selection of the girls form an interesting study, 
which cannot, however, be entered upon here. 

It is worth while to point out, to prevent mis- 
apprehension, that it has not been lost sight of by 
the writer that the scarcity of male pupil-teachers 
is, at present, confined to the towns. In rural 
districts the difficulty has not been experienced to 
anything like the same extent. But these facts 
interfere in a trifling degree only with the results 
arrived at. This scarcity of youngsters from 
elementary schools who want to take up teaching 
as a profession has only held true for a com- 
paratively small number of years, and conse- 
quently the effect it is likely to have on elementary 



The School World 


[Deckmber, 1900. 


+48 


with passing ‘events I might, if occasion offered, 
refer to “Blue-Books,” say what they were and 
shpwf-a specimen. Tfley are printed. But before 
printing? And before there was writing? Any- 
thing besides tradition ? Gradually we work out 
our evidences and classify them under three heads 
— tradition, contemporary documents, human pro- 
ducts. . We illustrate these copiously and comment 
on the inaccuracies of tradition and the mistake's 
of the scribe. This introduction works very well, 
and for some time after rather inaudible stories 
are good-humouredly scoffed at as “only tiadition.” 
Our investigations as to evidence lead ps back 
naturally to pre-histor#; periods, to “early-stone 
mett," “ cave men ” and “ ktfer-stone men.” Pic- 
tures are used freely. 

Coming to early historic times, authorities are 
given, the earliest extant MSS. mentioned, and 
cases noted where doubtful evidence m^ be con- 
firmed by “ remains.” The life of flie people, 
their dress, armour, houses, even thei^ government 
have been found emphatically interesting to the 
boys. It is facts which cannot be, or are not, 
“pictured” which dull’their interest. Of course, 
the very dull boy remains dull.^nd the boy who 
belongs to the type of inaccurate-erratics is still 
inaccurate, but the interest is living and produc- 
tive. In the course of some later work, and when 
dealing with another period, I happen to show the 
class a picture of the doorway of a Saxon church. 
“ But where is the long and short work ? ” a boy 
of eleven exclaims, and another suggest*?, “ Per- 
haps it is only at the corners of the tower.” 

Thirty or forty years ago the plan was some- 
what thus: Teacher (c livgiiig closely to the book): 
“ What was the fate of the Duke of Clarence ? ” 
Answer [supposed to be “History”): “He was 
drowned in a butt of Malmsey, of which he was 
extravagantly fond.” 

Geography is of course really a science subject. 
The scale-plan introduction has already found its 
way into elementary schools, and it is unnecessary 
for me to enlarge here upon the importance of 
map “reading." But one setious difficulty con- 
fronts us. There are no rational maps. All 
school maps afe constructed on* the assumption 
that geography merely consists in knowing where 
places are. One admirable atlas has, however, 
been published, Longman’s “ New Atlas," but it 
is a little expensive (a good atlas must be), and 
the parent wants education as well as other things 
cheap — at whatever cost. But with the help of 
Longman’s I have succeeded in giving fairly clear 
ideas of contours, hachures, height* colouring, 
isotherms, rainfall, currents, &c. I have only to 
compare the maps of England and Africa by the 
colour scale to elicit an astonished “ Oh ! ” which 
signifies an impression that no contours or 
hachures could produce. • , 

• It is easy to excite interest in the causes of 
physical features and their connection with com- 
merce, and a good deal of intelligence is displayed 
in working out problems. Moreover, the worked- 
out results are much the best remembered* Where 
will the agricultural counties be ? Why ? What 


industries would you expect* at the mouth of the 
T^ne? Why should th£ Thames become im-' 
portant ? Woiere would you expect to find remains 
of the cave men ? What kind of.ground would 
you choose for railways ? Where, then, wopld your 
railways ^un in hilly country ? Compare the courses 
of the railways and the rivers. Where would you 
expect to get building stone^ To such questions 
good answers can almost always be got, and a 
great measure of the commercial 'information can 
thus be drawn out of the boys^hemselves. *They 
at least begin to realise that man’s wtork is “•con-* 
ditioned " by his surroundings, and tjie facts 
which they learn, though’ fewer than those at- 
tempted of old, have at least some* meaning and 
persistence. \ 

Science is, of course, par excellence , fcjie heuristic 
subject. If we were^ to plant some of\‘hese pea 
seeds yitli the roots pointing up, what would 
happen? Answer: They would not grow. Let 
us try it, then, and we conclusively establish the 
property of gcotropism. A small boy of t err was 
asked how he could show a number ol people that 
a pea-seed swelled on shaking. He was rathdy' 
puzzled, and then said : “ Oil, 1 know ; get a ring 
that the dry pea-seed would just pass through and 
then soak it. Ypu could* show then that it 
wouldn’t go through.” This boy had certainly 
not heard of Gravesande’s ring, or of any similar 
experiment. How could you determine the area 
of a circle ? From their previous acquaintance 
with other figures the three boys interrogated^ 
deduced these answers:— (1) Divide into quad-’ 
rants. Drifw chords. The resulting triangles will 
be too small. Produce the sides of two opposite 
triangles, taking the tangent as base. "These will 
he too large, bum the four triangles, and so get 
the approximate area. (2) Inscribe and circum- 
scribe a square. Take the mean of the areas. 
(3) Circumscribe a square, and deduct the tri- 
angular corners. 

Mere guessing with judgment sometimes pro- 
duces remarkable results, a* when a boy, knowing 
nothing of the subject, estimated the volume of a 
sphere as two-thiids that of the circumscribing 
cylinder. * Or when another guessed that on doub- 
ling the push on a gas you would hajve its volume. 
But guessing of this sort is only, as a rule, to be 
used to suggest hypotheses to be tested. 

Chemistry works out well on the lines suggests 
*in my article in Thu School World of October^ 
1899. Boys are kefcn to get over each new diffi- 
culty. But here a word of caution is need^l. 
The boy can onhj take one step at a time. 0, 
step by step, he will work out a long train of rea- 
soning. He will think out each step, but to re- 
capitulate^he whole riain will probably be beyond 
him. That is no argument against the heuristic 
method. It is simply a limitation of the immature 
mind. Each bit of reasoning makes the boy readier 
at the next step, and, wftat is most important, the 
•boy learns to expect to have to wdrk out things for 
himself. That is an immense gam. Presenfly the 
power to grasp a long argument as a whole will 
follow. . • 
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mention it if there wtste any other in existence; 
•but the only other collection of ancient portraits 
obtainable will cost, when completcdp/hoo. r 
The appctil^ whetted with a taste of these 
delicacies, I am much mistaken .if thc^student will 
not go further. Mj-. Kuskin says we value books 
more the more they cost us; and advises those 
who cannot buy “ Modern Painters ” to save up 
their .dinners for a fewf years. Sixty-three dinners 
at a shilling woirld give good value in Baumeister’s 
“ Deykmaler der griechischcn Altertu/ns,” where 
Jjie history of sculpture and painting, of architecture 
and the ^rts, and tl\p results of modern excavations, 
are arranged in alphabetical form (Oldenbourg, 
Leipzic). The chief pictures of this tine book aie 
reprinted as “ liilderhefte ” for schools (12s.) ; the 
execution is poor, the arrangement leaves much to 
be desired (would these worthy Germans had a little 
of the French neatnesS !), but the book is useful to 
those who have a smattering of German. Vauly’s 
“ Realencyclopadie” and Darenberg and Sagho’s 
“ Dictionnaire des Antiquites ” will also be 
treasures to those who live to see them com- 
pleted. Roscher’s “Lexicon tier Mythologie” 
(Teubner, Leipzig) is another useful book to one 
who* knows how to sift wheat from chaff; there 
are tons of chaff in i^^nd enough wheat to feed an 
army. He who takes < hn interest in excavation 
and exploration would do well to get Miss Sellers’ 
“ Schliernann’s Excavations " (i8s.) f or those fasci- 
nating volumes in which the explorer tells his own 
story (they can all be bought for ££), with Dorp- 
“feld’s “ Troja.” Messrs. Macmillan are bringing 
out a series of capital “ Handbooks Classical 
Antiquities,” which include, besides those men- 
tioned, 1 ' “ Roman Coins ” (qs.), “ Greek Sculpture ” 
(ios.), and “ Greek Constitutional History ” (5s.), 
and will include “ Greek Vases ” and other subjects 
of interest nqt treated hitherto in any brief form. 
The mythologist will find a library of information 
in Frazer’s “ Pausanias ” (£ 6 6s.), and a most 
careful and judicious statement of facts and 
theories in Parnell's “ Cults of the Greek States ” 
(Clarendon Press). Nlr. Roberts’s “ Greek Epi- 
graphy ” (Pitt Press, vol. i., 18s.) supplies not only 
a history of tl\e letters but a useful collection of 
dialect inscriptions, which are given more fully in 
Collitz’ “ Sam mlu ng der greichischc Dialektin- 
schriften ” (Vandenhoeck, Gottingen) ; while Mr. 

I licks collects those inscriptions which bear on 
Greek history, and Mr. 1 Iill .other historical Source** 
(Clarendon Press, ios. 6d.).- Lanciani (2 vols., 
£2 8s.) and Middleton (2 vols., Black) have written 
on Rome , and Wachsmutli on “ Die S*adt Athen ” 
(Teubner). For the literary student, much may 
be learnt from Croisct’s “ Litterature Grecque ” 
(Teubner), Butcher’s “ Lccttfi^S”’ Sellars “ Roman 
Poets of the Republic ” (Clarendon Press, ios.), 
“ Virgil” (qs.), and “ Horace” (7s. 6d.), Haigh’s 
“Attic Drama” (Clarendon Press), even from 
Symonds’s “ Greek Poets ” (2 vols., 7s. 6d. 
each), despite its bad style. But this is to built) 
castles in the dir : 1 fear my fairy godmother 
will not rise to the height of this great argu- 
ment. 


SOME IMPRESSIONS OF. RATIONAL 
METHODS. 

By Uaroi.d I’icroN, B.Sc. (Lond.) 

Headmaster of Clacton College, Clacton-on-Sea. 

To teach scientifically will always be more difficult than to 
beach mechanically. But scientific teaching — not the teaching 
of science— is imperatively demanded, and wc must find out 
how to give it. — Henry E. Armstrong. 

I am convinced that the method of teaching which approaches 
most nearly to th. methods of investigation is incomparably the 
best. -Edmund Burke* 

T 1 IE wave of the newer teaching beaL at 
present in vain against the strong sea-wall 
of tradition which protects our secondary 
schools from all vital change. New subjects are 
added to the curriculum, laboratories with complex 
fittings af ft thrown open to the parent's astonished 
^aze, but at heart the schoolmaster still measures 
attainment by information and information by ex- 
amination results. It therefore behoves those of 
us who wish to train the fniuds of our pupils to 
action, not mere Reception, to unite our efforts and 
consult each other. For these reasons I am hope- 
ful that a few jottings of some impressions of mine 
may prove useful to those who wish to work on 
the same lines. 

First let me say that I consider rational teaching 
a very bad subject for compromise. To try to get 
the ot denary examination attainments and at the 
same time throw in a little of the research method 
is as unsatisfactory as trying to serve God and 
Mammon. I know this because I have tried it. 
To succeed 011 rational lines you must begin with 
a revolution, not a compromise. 

Another general obseivation is that rational 
methods are very difficult to apply where a boy 
has made progress on ordinaty lines. Uy small 
boys of e ght to ten these methods are readily and 
enthusiastically appreciated. A boy of fifteen who 
has been taught on the puinp-and-bucket system 
wiil be stonily amazed when you expect him to 
think out a subject ior himself. A boy of twelve 
will take to rat.onal methods if -he has learned 
“ little ” at school. If he has learned “ much ” 
he will probably have much lost the power of 
thinking. 

Obviously some subjects can be made more 
strictly “ heuristic ” than others. History cannot 
be drawn out of boys, but it may often be used to 
exercise reason, and it need never be deprived of 
meaning. Waiving formal history with the 
youngest boys to begin with boys of about 
eleven somewhat thus. What were you doing 
this morning at a quarter-past eight ? What 
yesterday at such an hour ? What last year at 
such a time? You c are not sure. Tell me of 
some adventure that a friend had some time ago. 
How do you know ? Tell me of something that 
happened lately to a distant relative. Such ques- 
tions introduce us to the distinction between 
evidence handed down by word of mouth (tradi- 
tion) and contemporary documents. In connection 
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A TEACHER'S LIBRARY OF CLASSICS. 

* 

By W. U. D. Roush, M.A. 

Assistant-Master in Rugby School. 

F IVE poutids sterling will not go far in buying 
classical books. Even annotated additions 
are becoming dearer, and eighteen shillings 
or twenty-four shillings is no uncommon price to 
pay for’ one. A dictionary and a lexicon, with 
dictionaries of mythology and biography, would 
swallow up more than five poutujs at a gulp ; and 
these books are quite indispensable. Books which 
contain many illustrations are dearer still, and 
most branches of classical learning have their own 
monographs or text-books which will mount up to 
many pounds in each branch Pictures and photo- 
graphs available for class teaching are numbered 
by thousands, and there is practically *no limit 
to the amount which the enthusiastic teacher inay # 
spend on them. I ^nust assume, tlten, that my 
readers have their Liddell and Scott, their Lewis 
and Short, and their Smiths of various denomina- 
tions, besides the standard works which they must 
have used in their own studies Grote, Arnold 
and Mommsen, Roby and Goodwin, some ancient 
atlas, and the texts of the chief classical authors. 

If, with these to start with, my fairy godmother 
should present me with a five-pound note and her 
blessing, and should inform me that, as I was now 
grown up, she must leave rfie and look after her 
other godchildren, I think I should expend that 
note upon large pictures which I could use in 
class, and trust to luck, or It) my own brains, or a 
free library, for the rest; but if there be any who 
have no free library at command and no accom- 
modating fiiends, and no luck and too little confi- 
dence in their brains, or if such persons should 
prefer to spend their five pounds on a set of books 
which might give them a cursory oversight over 
the fields they intended to conquer, perhaps the 
following suggestions might be of use to them. 

In such a case l should first buy Dr. Gow’s 
“Companion to School Cl'ks’sics” (6s*.), which 
really gives aofcaste of almost vail divisions of 
antiquities. Dr. Gow puts things in a number of 
nice little nutshells, kernels very fresh and juicy, 
which make you desire to go a-nutting for yourself. 
There is a vast deal of information in this small 
book, but it is not pemmican like some I could 
name. The few illustrations would at once make 
me crave for more, and I should buy Macmillan’s 
“ Atlas of Classical Antiquities” (2is.^, edited by 
Mr. Anderson, where there are pictures in plenty 
and full explanations. Tearing mysell away with 
reluctance from this department, which has already 
swallowed up one-fifth of my godmother’s farewell 
gift, not to count the blessing, I should turn to the 
less materialistic portions of ancient life, to' the 
philosophers and the historians. It is more profit- 
able to know what the ancients said themselves 
than what the moderns; say about them ; so for 
half-a-sovereign I should possess myself qf Ritter 
and Preller’s “Historia Philosophiae.” In this 


book are collected all the , philosophic theories, 
from Thales to Proculus 4 m d Damascius, stated, 
so far as possible, in the philospher’s own words, 
and arranged chronologically by subject and 
school. An* intelligent man may woik out his 
philosophy from this book alone, and, even if he 
has his Gtotes and his Grants’ the compilation is 
indispensable. He may adc^ to it Mayor’s little 
“ History of Ancient Philosophy ” (3s. fid.), if he 
will, and should his tastes lie in this direction, he 
may expentf later and illuminute Zeller, I^evves 
and Benn with Kant and Rosmini. For history,^ 
law 01 custom, as well as for* epigraphy, it is 
advisable to have Cauer’s “Delectus lnscnptionum 
Graecarum ” (7s.) and Cagnat s “ Hpigraphic 
Latine ” (12s.); Thompson’s “Greek and Latin 
Palaeography” (Kegan Paul, &c., 3s. fid.) vs a 
most useful adjunct. Cauer may suggest an ex- 
cursion into linguistics, and the results of modern 
research will be found summed up in Giles’s 
“ Elements of Comparative Philology ” (Macmillan, 
10s. 6d.). Mythology now claims our attention, 
and Miss Harrison’s “Mythology and Monuments 
of Ancient Athens ” (Macmillan, lfis.), though not 
a complete treatise by any means, tk well calcu- 
lated to awaken interest ♦and stimulate further 
study. There is a good d^l m the book also 
about the ancient fily of*Athens, which we will 
supplement by Lanciam’s “ Ruins and Excavations 
of Ancient Rome ” (Macmillan, 16s.), while Roman 
myth and legend is judiciously treated in “The 
Roman Festivals," by W. Warde Fowler* (Mac- 
millan, qs.). Literary criticism inmains for the 
last, and critical work lias been written with 
finer taste and truer appreciation than Longinus 
“ On the Sublime ” (Pitt Press, 9s.). • * 

So far l am well within my godmother’s gift. 


Here is the list ’ 

• 






£ ' ><■ 

Cauer’s “ Delectus ” 



070 

Cagnat’s “Epigraplua ’’ 



0 12 0 

Rilta. and Preller 



0 10 0 


£ <■ 

d. 

i 9 0 

Gow’s “ Companion ” 

06 

0 


Macmillan’s “Atlas” 

1 * 

0 


Giles's “ Philology ” 

j 10 



Thompson’s 4 4 Paleography ” , . . 

0 j* 

6 


Ilainson’s “ Mythology” 

0 lb 

0 


Lanciani’s 44 Rome ” 

0 16 

0 


Fowler’s 44 Festivals ” . . 

..09 

0 


^Longinus . , . . 

0 9 

0 



4 10 

0 


Discount . . 

1 2 

6 



} 7 6 

£4 16 6 

There is almost enough to buy Long’s “ Myth, 
Ritual and Religion ” (7s., cash 4s. 8d.), where we 
may learn the connexion between ancient faith 
and modern folk-lore; cr dare.l suggest, without 
egotism, that instead of a bottle of claret to cele- 
brate the founding of the library, one might) send 
to Mr. Dent ' for a certain “ Atlas of Greek 
Portraits” (two parts, is. fid.)? 1 would not 
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'when it is asked to dtaw a perpendicular orf a 
plane from a given point not in the ^ldne, we are 
often told to draw a perpendicular from a point in 
the pique, and draw a parallel to it through the 
given point. r 

Algkbra. — Definitions. — Such terms as term, 
factor, power, expression, equation, identity , are fre- 
quently defined wrong. Very few pupils know 
what a term is. A power is more often than not 
confvsed with an 'index. “ A power rs the small 
figure placed at the right-hand top corner of a 
letter tq denote 4ts value ” is a definition which 
suggests a postage stamp. “ An equation is where 
you have to find x ; an identity is where you have 
to prove something” has been given. And there 
might be worse definitions even than this. “ Per- 
mutations are arrangements, combinations are 
selections,” is not ver^ explicit. To make a little 
variety, we have “ A permutation is the mihiber of 
ways, &c„” and sometimes “ A combination is the 
number of ways things can be combined.” 

Misuse of the Sign of Equality. -This is one of the 
commonest mistakes of beginners, who will solve 
a simple equation thusk— 


* 3*- -1 8-3* 9 

--- x - 3 - A nswer - Right ! 

Clumsy Methods of Squaring and of Multiplying 
Sums by Differences. — \V hen the square of a+b, or 
u+ b+c, or the product of 3*4-4/ into 3*— 4/ has 
to be obtained, a large pioportion of examinees 
fail to use the standard formula) and instead write 
the one factor, under the other, rule a horizontal 
line, put down the rows of products, rule another 
horizontal line and* add the terms up laboriously, 
often making a mistake in the work. 

Wrong Dimensions. — In multiplying two homo- 
geneous expressions together, say, a-\-b-\-c and 
fl a +& , + c 9 — be— ca— ab, it is cpmmon to find such 
terms as a*b occurring in ,.he product, when a 
slight knowledge of “ dimensions ” on the part of 
the candidate would show that such terms are 
obviously wrory* and would probably lead to the 
mistake bcinjr corrected. 

Want of'&ymmltry. — In the same example, 
ignorance ( ,of the principle of symmetry leads to 
such answers being sent up as “ d :1 -f 6' , +r s --fl6 J , 
— ybc." , 

Neglect of Denominators of Fractions .- Of this the 
following is a typical example : — 

(/ + /- rW/V+4 2 ) 

- (6a--f-4V- iz) x (6jc+4fH-3*), &c. ' 

Violation of Linos of Algebra in Working with 
Surds. — Whenever surds efoter into an expression, 
they seem to lead to Reheated violations of the 
laws of algebra. , Tf it is required to solve the 
equatjpn 

\/(*+ 3 ) ~ V(^-2) - 2j(x~ 1), 

we usually have one or other of two different forms 
of wrong answer, namely (*+3) - (* - 2) - 2(x - 1), 


&c., or sjx+ V3 - sjx 4- *J2 - 2 y/x - 1 , whence 
2 Jx - V3 + V 2 + 1 " &c - 

Verifications instead of Proofs. — If it is asked to 
prove (e.g.) that a 2 -f i 9 is not less than 2 ab, it is 
frequent to fuid candidates proceeding thus: — 
“ Let a -- 1 and b 2, See." If marks are awarded 
proportional to the portion of the question an- 
swered, such answers should receive infinitely 
small marks (i.e., no marks at all) r since an infinite 
mini tor of ccses ought to be discussed before the 
theorem could uc considered proved ! 

Begging the Question in Verification. — On the other 
hand, when it is asked to verify that a[b-pc)-=ab + ac 
for a~ 3, b~ 2, f-4, _we have answers standing 
thus 

3(2 + 4)-3-2 + 3*4 
le/ ' 3-2 + 3 - 4 = 3- 2 + 34 

in wh[fch ( the truth of the law to be verified is 
Assumed in passing from the first to the second 
line, on the left-hand side. 

Progressions. — Even the most backward pupil 
may be Reasonably expected to know something 
about progressions. But it is only necessary to 
set a geometrical progression with a negative ratio, 
preferably a negative fractional ratio, to “ stump ” 
a large proportion of even fairly advanced candi- 
dates 

Trigonometry. — Hefe again definitions arfe a 
fruitful source of error. “ The sine of an angle is 
the perpendicular ovdr the hypotenuse” is com- 
mon. What perpendicular and what hypotenuse 
is left to the imagination of the examiner. We 
have seen “hypotenuse” spelt in almost every 
conceivable way short of “ hippopotamus.” Even 
better prepared candidates fail to give definitions 
applicable to angles of any magnitude. Of other 
mistakes the most frequent is that exemplified by 
“ tan 6 = 1 - 15 V’ 

Much has been said against our present exami- 
nation systems, but it is only by the application of 
written tests that teachers can ascertain the 
points wlyich theif pupils fail to grasp; and that 
pupils can he made to acquire an exact under- 
standing of the a.eaning of fundafn mtal principles 
and the methods of using these principles accu- 
rately in practical applications. 


0 TYPICAL SCHOOL TIME-TABLES. 

I N beginning a series of Typical School Time- 
tables In our last number, we were able to 
bring before the notice of our readers the 
scheme of work of a large public school of the 
boarding-school type. This month, owing to the 
kindness of Mr. J. E. King, the High Master, ;.ve 
are qble to publish the time-table of Manchester 
Grammar School, than which it would be ihti- 
possible to find a more effective example of the 
large public day-sohool. With the aid of the 
explanatory notes at the foot of the time-tables of 
the different sides of the school, there will be no 
trouble in immediately understanding the \yay in 
which the day is divided in the various forms. 
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light, x 24. 
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milo south of Humana. Polarised light, x 24. 

"Fig. 4. — Norite (36/520 : 17480) from the dyke just cast of Durgapur. 
Ordinary light, X 24. 

PLATE 2. — Fig. 1.— Side of 298 A. showing the ai row -headed form of the stone. 

Fig. 2.— Adjacent side of 298 A, showing numerous shallow 
depressions, sometimes compound in nature. 

PLATE 3.— Fig. 1. — Side of 298 A, opposite to that shown in Plate 1, ligure 2. 

Fra. 2.— 'IVuncatcd base of 298 B, with numerous small depressions. 

The crustless areas shown in this and succeeding views 
of this stone were probably covered with crust which 
has since boon removed either by accident or design. 

PLATE 4. — Fjg. 1. — Top and lateral view r of the spheroidal part of 298 B, show- 
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Scratches of human agency may be seen on the upper 
trustless area. 

Fig. 2. — Fluttcnod side of the spheroidal part of 298 B. 

PLATE 5. — Fid. 1 .• ~ Side of 298 C, showing a small glazed area of crust duo 
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* fusible material, probably troihto. 

Fig. 2. — Side of 298 C, showing two large trustless areas from which 
pieces have been broken off. 

Fig. 3. — Sido of 298 C, showing numerous crusUl depressions. 

Fig. 4.— Side of 298 C. 

PLATE 6. — Fig. 1. — Baso of 298 I), an almost completo stone. 

Fig. 2. — Base and side of 298 D, showing crustal depressions. 

Fig. 3. — Side of 298 1). 

Fig. 4. — Side of 298 I), with numerous depressions and showing 
pointed top of the stone. 

PLATE 1. — Fig. 1. — Side of 298 E, an almost complete stone. 

Fig. 2.— Side of 298 E. 

Fig. 3. — Sido of 298 E. 

Fig. 4. — Side of 298 E. 

PLATE 8.— Fig. 1 .— Side of, 298 F, showing numerous depressions. 

Fio. 2. — Opposite side to above. 

Fig. 3. — Very irregular surface of 298 F. 

Fig. 4. — Smooth side of 298 F. 
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PLATE 9. — Fig. 1. — Side of 298 G, an almost complete stone. 

Tig. 2. — Opposite side of 298 G. 

Fig. 3. — Largest face of 298 G. 

Fig. 4 . — Opposite face of 298 G. 

PLATE 10. — Fig. 1. — Side of 298 H, a very incompj.oe stone weathered on its 
orustless areas. 

Fig. 2. — Side of 298 H. 

Fig. 3. — Side of 298 I, an almost complete stone. 

Fig. 4.— Side of 298 I. 

Fig. 5.— Side of 298 I. 

PLATE II. — Fig. 1. — Side of 298 J, an incomplete stone, showing numerous 
shallow despressions. The side of 298 K shown in Fig. 5 
originally joined this side. 

Fig. 2. —Opposite side of 298 J. The side of 298 K shown m Fig. 0 
originally joined this side. 

Fig. 3. — End of 298 J, showing depression. 

Fig. 4. — Base of 298 J, showing numerous depressions. 

Fig. 0.— Side of 298 K, a fragment broken off from the large stone 
298 J. This and the next view were taken when Iv 
weighed 79-3815 grams and not 59-3074 as at present. 

Fig. 0. — Opposite side of 298 K. 

ELITE 12. — Fig. 1. — Viow of 298 L, an incomplete stone. 

Fig. 2. — Opposite view of 298 L, showing a rough secondary crust, 
S, on two faces, the usual smooth crust, 0, showing up 
well in contrast. V is a fracture surface. 

Fig. 3. —View of 298 M, an incomplete stone. 

Fig 4. — View of 298 M. 

Fig. 5. — Side of 298 M, adjacent to Fig. 3 above, showing numerous 
depressions. 

Fig. 0. — Side of 298 X, an almost complete stone. 

Fig. 7. — Opposite side of 298 N, showing shalftiw depressions, badly 
developed flow lines, and some minor er ustless ureas. 

PLATE 13. — -Fig. 1 .- -Photomicrograph of 298 K, thin section 23884, showing 
an eccentric chondrus composed of lamelloe of olivine, 
elinoenstatite and on.-tatite, and grains and larger crys- 
tals of nickel-iron and troilite (both black), olivine, 
enstatito (rare in this photo) and colourless ? apatite. 
X 10. 

Fig. 2. — Photomicrograph of 298 K, thin section 23885, showing 
the general structure of the stone. A granular olivine 
aggregate, larger olivine crystals, enstatito (lighter colour) 
and troilite, magnetite and nickel-iron (last three black) 
may be seen, x 30. 

Fig. 3. — Photomicrograph of 298 K, thin section 23880, showing 
a triangular section of coloiyless apatite surrounded by 
grains, lamella) and crystals of olivine, with other crys- 
tals of olivine, elinoenstatite, enstatite. and nickel-iron 
and troilite (last two black), x 30. 
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PLATE 1 L — Fio. 1. — Tirupati Meteorite, (207), front view. 

Fig. 2. — Tirupati Meteorite, (297), back view. 

PLATE 15. — Bahjoi Meteorite, (175), before rutting (Photo : R. B. Connell). 

PLATE 16. — Fra. 1. — Bahjoi Meteorite, (175), front view. 

Fig. 2. — Bahjoi Meteorite, (175), back view. 

PLATE IT. — Etched face of Bahjoi Meteorite, (175), X4*2. 

PLATE 18. —Etched face of Bahjoi Meteorite, (175), x 2*5. 

PLATE 19. — Fig. 1. — Oalreti {Cmu&oslrcn) gajcnsfa, Vredenburg. Left valve, ex- 
ternal view. Rogd. No. KS/3-tlrj. Near Baripada. 

Fro. 2. — < hfrea ((Jrawoshea) gajpnsin, Vredenburg. Left valve, in- 
ternal view (another specimen). Regd. No. TvH/3415. 
Near Baripada. 

Fro. 3 . — Ofilrca (Cras-sostrm) gajcukts, Vredenlnug. Right, valve, 
internal vinw (another specimen). Regd. No. K8/34V. 
Near Baripada. 

PLATE 20. — Figs. I. 2. — Matonidium indicum , sp. nov. Counterparts of r por- 
tion of the frond, showing proximal parts of several 
“ rays ”. Tn fig. 2 a portion of the funnel-shaped 
expansion at the top of the petiole is preserved at /, 
and a few sterile pinnules at s. [G. S. I. type No. 15, 
778.J 

Figs. 9, 4.- -Matonidium indicum , sp. nov. Funnel-shaped expan- 
sion, with basal parts of “ rays ”, seen from tin* 
dorsal side. The point of attachment of the petiole 
is preserved. Fig. 4, X ca 2. [G. S. L type No. 15, 

779.1 

Ftu. 5 . — Matonulium indicum , sp. nov. The same, in lateral view : 

the adaxial side is towards the left ; the arrow indicates 
the scar of the petiole. [G. S. I. typo No. 15, 779.J 

Figs. 6, ?. — Matonidium indicum , sp. nov. Counterparts of a frond, 
showing the “ funnel ” from the adaxial side. Note 
the pedate mode of origin of the rays. fO. S. I. 
typo No. 15, 780.] 

PLATE 21. — Fig. 1 . — Matonidium indicum , sp. nov. Mould of a funnel-shaped 
expansion, seen from above, with basal ends of “ rays ”. 
The elliptical hole in the middle is continued downwards 
as a canal in which the petiole lay. On the right a few 
“ rays ” are preserved. X 1£. [G. S. I. type No. 15, 
781.] 

Fig. 2 . — Matonidium indicum, sp. nov. Counterpart of the above 
specimen, showing one of the rays preserved for a length 
of 14 cm. The ribbed character of this ray is seen at r . 
The “ funnel *' at the extreme left of fig. 2, is shown 
enlarged in fig. 3. Slightly reduced. [G. S. I. type 
No. 15, 781.] 

Fia. 3 . — Matonidium indicum , sp. nov. Part of the funnel-shaped 
expansion from the same specimen, showing bases of 
some of the “ rays ”. x 2$, [G. 8. I. type No. 16 
781.] 
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Fio. 4 . — Matonidium indicum , sp. nov. Bibbod axis expanding at 
the lower end, probably a petiole of this species. Similar 
fragments are seen in Plate 20, figs. I and 6. [G. S. I. 
type No. 15, 782.] 

Fig. 6 . — Matonidium indicum , Basal part of a fertile pinna. [G. S. 
I. type No. 15, 783.) 

Fio. 6 . — Matonidium indicum, sp. nov. Transvorse section of a 
pinnule. X ca. 15. [G. S. I. typo No. 15, 784.] 

PLATE ?E&.“~Fia. 1 . — Matonidium indicum, sp. nov. Part of a fertile pinna seen 
from the upper side. X 2. [G. S. I. type No. 15, 

785. ] 

Fig. 2 . — Matonidium indicum , sp. nov. Part of a fertile pinna seen 
from t lie upper side. X 3. [G. S. I. typo No. 15, 

786. ] 

Fig. 3.— Matonidium indicum , sp. nov. Several fertile pinnules 
showing the lower (sporangiferous) surface. X 7. 
[G. S. I. typo No. 15, 787. J 

Fig. 4 . — Matonidium indicum , sp. nov. Part of a fertile pinna seen 
from tlio upper side. |G. S. I. typo No. 15, 788.] 

Fig 5. — Wexhwlia reticulata. Mould of main tachis with parts of 
boundary raohiS'N attached, showing paired scars of 
vas. uhr si rands of pinnules. [K33/730.] 

PLATE *3.- Fig. 1 .— Weidisdia reticulata, . [K. 33/7 31 .] 

Fig. 2. — W richer tin reticulata . (K33/731.] 

Fig. 3 . — Wachmclia reticulata. [K33/733.] 

Fig. 4. ~ \Y eidtsdia rdiculata . x 3. |K33/73l.] 

Figs. 5, 6 . — Wtichdditi reticulata. Pinnules showing reticulate vena- 
tion. Fig. 5, x r, ; fig. 6, X 12. [K33/735.] 

Fig. 7. — ? Weirhsclia rdiaMa. Distal part «of a pinna seen from 
below, x 2. [K33/730. ! 

Fig. S.-Sphenopteris x p. Frag monte, x 3. [K33/730.J 

Fig. 9. — ? tiphenopteris sp. Fragments of frond. [K33/736.] 

Fig. 10. — ? Thinnfddia sp. Fragment, of frond. X 3. [K33/736.] 

PLATE 24 . — Matonidium indicum. sp. nov. Reconstruction of a frond as seen 
from the abaxial sido. 

PLATE 25. — Fig. 1. — ‘Dorsal’ view of specimen No. K 24/866 identified as 
Baculitcs sp. vagina (?) by Dr. G. de P. Cotter and re- 
cognised by the writer as of inorganic origin. Note 
the segmentation and * dorso vent rally * running ridge 
of probable secondary origin. 

Fig. 2. — Same specimen, showing trilobed character of tho unbroken 
extremity. 

Fig. 3. — Same specimen. Lateral vi(*w, showing ‘ dorso- ventral * 
ridge and acute middle lobe of the preserved end of the 
specimen. 

PLATE 26 — Geological map of parts of the Shan States and Yunnan. (Scale 
1 inch= 32 miles.) 
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PLATE tY. — Outline sketch map showing approximate localities of brachiopod 
beds in Yunnan, the Shan States and Indo-China, (Shaded area 
in Shan States is Namyau series). (Scalo 1 inoh-160 miles, 
approx.). 

PLATE £8. — Geological Sketch Map of Second Defile of Irrawaddy river below 
Bhamo. (Soale 1 inch =* miles, approx.). 

PLATE 29. — Fio. 1. — Vortical section through a microspheric form. X 16. 

Fio. 2. — Transverse section through a microspheric form a little 
abovo the base allowing tho regular disposition of sopta 
near tho periphery, becoming irregular towards the 
central region. X 16. 

Fig. 3. — Vertical section through a megalosphcrio form with a con- 
vex base. X 16. 

Fig. 4. — Similar soction through another slightly broader individual. 
X 1C. 

Fig. 5. — Transverse section through a somewhat depressed mega- 
lospheric individual. X 16. 

Fig. 6. — Obliquo section through a inegalospbcric individual. 
X 1. 

Fio. 7. — Upper surface, showing exposed concentric lamellae. 

X 10. 

PLATE 30. — Fig. 1. — Vertical section through a microspheric form. X 16. 

Fig. 2. — Similar section through a relatively moio conical raicro*- 
pherie form X 16. 

Fig. 3. —Vertical section through a megalospherio form with 

damaged lower surface. X 16. 

Fig. 4. — Traneverso section through a microspheric individual 

passing very near tho base. \ 16. 

Fig. 5. — Oblique section through a ruogalosphcric individual. 

X 16. 

Fig. 6. — Portion of specimen figured in Plato 28, fig. 2, enlarged, 
showing foreign bodies, x 64. 

Figs. 7-10. — Dorsal and lateral views of different microspheric and 
mogalosplieric individuals. H< tintype Figs. 8 and 8a. 
All enlarged. X 2. 

PLATE 31. — Fig. 1. — Transverse section showing pith with stone cells, ondarch 
protoxylem and wood devoid of growth -rings, x 35. 

Fig. 2. — Tangential section showing low medullary rays and resin 
plates in tracheids. X 200. 

Fio. 3. — Radial section through pith and early wood, x 32. 

Fia. 4. — Radial section showing bordered pits anil resin plates in 
tracheids. X ca. 600. 

Fig. 5. — Radial soction to show Eiporen in medullary ray. x ca. 

* 500. 

Fio. 6. — Radial section to show structure of pith. X 121. 

PLATE 3*. — Fio. 1 . — TrUoculina aff. laevigata, x 100. 

Fig. 2, — Nodosaria zippei, a single segment. X 100. 

Fig. 3. — Anomalina rudio Reuss. X 50. 



Viii 


LIST OP PLATES. 


Fig. 4. — Globoroialia sp. x 100. 

Fig. 5 . — Nonion ap. ind. x 120. 

Fig, 6. — Gumbelina glob ij era. Reus*. X 150. 

Fig. 7. — Orbulina of. O. univena. x 100. 

Fig. 8. — Robulus of. R. oceidmtali# , by reflected light, x 80. 

Fig. 9 . — Triloculina aff. laevigata, by reflected light, x GO. 

PLAITS 33.— -Fig. l.—A section o{ Raugadi limestone showing Sphrroidinella sp., 
Globotruncana sp., and fragments of calcareous alga, 
Acicularia. X 80. 

Fig. 2. — A section of Pail gad i limestone showing SpheroidineJla sp., 
Qlobotrvnrana sp., and the calcareous algae Nromwifi 
and Acicularia. X 50. 

I'LATE 34. — Fig. 1. — Exposure of Maleri beds at Rampur near Maleri. 

Fig. 2. — Searching for reptilian fossils at Maleri, Hyderabad State. 

PLATE 33. — Map No. 63 J/S. W. f reduced to the scale of l inch - 4 miles, showing 
the disposition of the main tectonic units in the neighbourhood 
of Dchra and Rikhikcsh. 

PLATE 3ft. — Tectonic Sketch Map of the Garhwal Himalaya, including a portion 
of l : million map No. 53. This map is based on the survey - and 
traverses of C. S. Middle miss, (J. L. Griesbseh, and J. B. Auden. 
Audon, alone, is responsible for the tectonic interpretation of the 
geological results. The limits of the inferred Garhwal Nappe be- 
tween Hudatoli and Ranikhet are conjectural. 

PLATE 37. — Fig. 1. — Section across Siwalik Range and Lower Himalaya m 
r-2 miloB map No. 53 J/S.W. 

Fig. 2. — Section across the composite Garhwal aynclino showing 
Amri and Bijni Nappes and the unconformity below the 
upper Tal Calc. grit. (Scale 1" = l mile). 

Fig. 3. — Tectonic section across the Garhwal Himalaya. A preli- 
minary attempt. (Scale \* =. 8 miles). 
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Vol. i. ms. 

Part 1 ( out of print). -Annual report for 1807. Coal-seams of Tawa valley. Coni in Qorrov 
Hills. Copper id Rundelkhuud. Meteorites. 

Part 2 ( out of print).— Coal-Htsunis of neighbourhood of Chanda. Coal near Nagpur. Geologic*! 
notes on Surat colled orate. Ophalopodous fauna of South Indian cietaoems deposits. 
Lend in Raipur district. Coal in K intern Hemispbcio. Meteorites. 

Part 3 ( ovt of print).-- G.udropcdous fauna of South Indian cretaceous deposit* Notes on 
route from Poona to Nagpur Aluncdnuggiir, Jalun, Loon.tr, Ycutmiiba], TM.mgftU and 
Hingungluit. Agate-fluke in pliocene (7) deposils of Upper Coda vary. Boundary of 
Vindhyan series m Rajputana. Meteorites. 


Vol. II, 186(1. 

Pait 1 (out of print). - Valley of Pooma river, West Bornr. Kuddapah and Kurnool formations. 
Geological sketch of Shillong plateau. Gold in Siughbhum, etc, Wells at Kazarerbngh. 
Meteorites. 

Pari 2 (out of print). -Annual report for 18G8. Panjishuni tnctn and ot.hei species of Chelonia 
r rom newer tertiuiy deposits of Norbudda valley. MeUmnrphic rocks of Bengal. 

Part 3 (out of print), - Geology of Kuteli, Western India. Geology and physical geography of 
NiCjbaf Nands. 

Part 4 ( out of print).- -bod* cont lining silieifiod wood m KcMem Promti, British Burma 
Minualo^'cal statistics of Kumnon division, C'oal-lield mac Ch.inda, Lend in Raipur 
dial not. Meteorites. 


Vol. in, 1870. 

Part l (out of print).- -Annual report for 1S00. Geology of neighbourhood of Madras. Alluvial 
deposits of Irrawadi, contrast! J with those of Ganges. 

P'lrl 2 (ovt of pi mi).- Geology of GwaJirr and vicinity. Slates at Child!, Kumnon. Lead 
veiu near Chicliolj, Raipur di-duct. Wardha river coni 'fields, B* r.ir and Central Provinces, 
r oal at Kaiba in iblfuspur distrn t 

Pott 3 ( ut of p i,it). - Mohpem Ooul-iifld. Lead oie at iShm.imdnd, Jabalpur di.dricr. Coal, 
"it- 1 of CliliaHi^gJu !i ll tween Biiaspur and Ranchi. IVholoini m P.unna Bufroleum 
lotsht.y of Sudluil, n« nr Kutlijung, west of Rawalpindi. Ar",ei>tjfi lou-. galena and copper in 
Manhhum. Ah^a\t> of non ores. 

Part 4 (out of print). Geology of Mount Tills., Punjab Copper deposits of Dalbhurn and Singh- 
bhunl : l .--Copper inuies of Singh bhnm : 2. — Copper of Ralbhurn and Bmghbhuu). 
Meteorites. 


Vol. iv 7 1871. 

Part 1 (out of print).- 'Annual report for 1870. Alleged discovery of cos! near Goofy, find of 
indications of coal in Cuddapah district. Mineral statistics of Knniaon envision. 

Part 2 (out of print,).— Axial group in Western Promo. Geological strut tore of Southern Honkau. 
Supposed oceurrene»* of native antimony in the Straits Settlements. hopomt m boiler* 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on southern 
extensions of Kamtlii group to neighbourhood of El lore and Enjinandri, and on possible 
occurrence of coal in same directum. 

Part 3 ( out of print ). — Borings for coal in Godavari valley near Dumaguden am! Bhadiachalam- 
Narbada coal-basin. Geology ol Central Provinces. Plant lei ring snndntoms of Godavari 
valley. 

Part 4 ( out of pri at).— Ammonite fauna of Kutnh. Raipur and Hcngir (C'angpur) Coal-field 
Sandstones in neighbourhood of first barrier on Godavari, and m country between Godavari 
and Ellore. * 
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Vol. V, 1872. 

Part J [out of print ). — Annual report for 1871. Relations of rooks near Murree (Mari), Punjab. 
Mineralogical notes on gneiss of Sontb Mirzapur and adjoining country. Sandstones in 
neighbourhood of first barrier on Godavari, and in country between Godavari and Ellore. 

Part 2 [out of print). — Coasts of Baluchistan aud Persia from Karachi to head of Persian Golf, 
and some of Gulf Islands. Parts of Kummummet and Hanamoonda districts In Nizam's 
Dominions, Geology of Orissa. New 00 al -field in south istem Hyderabad (Deocan) 
territory. +> 

Part 3 ( out of print). — Maskat and Massandim on east of Arabia. Example of local jointing. 
Axial group of Western Proroe. Geology of Bombay Presidency. 

Part 4 [out of print). — Coal in northern region of Satpnra basin. Evidence afforded by raised 
oyBtor banks ou coasts of India, in estimating amount of elevation indicated thereby. 
Possible field of co al- moats uros in Godavari district, Madras Presidency. Lameta or intra- 
trappean formation of Central India. Potroleum localities in Pegu. Supposed eozoonal 
limestone of Yollam Bile. 


Vol. VI, 1873. 

Part /.—Annual report for 1872. Geology of North-West ProvinoeB. 

Part 2 [out of /»r»/j/).--Bisrampur coal-field. Mineralogies,] notes on gneiss of south Mir/apur 
and adjoining country. 

Pari 3 ( out of print). -Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age 
of deposits, and on associated shells. Barakars (coal-measures) in Boddadanole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs of 
Pegu. 

Part 4 out of print). — Iron deposits of Chanda (Central Provinces). Barron Islands and Nar- 
kondam. Metalliferous resources of British Burma. 


Vol. VII, 1874. 

Part 1 (out of print). — Annual report for 1873. Hill ranges between Indus valley in Ladak and 
Shah-i-Duia on frontier of Yarkand territory. Iron ores of Kumaon. Raw materials for 
iron-smelting in Raniganj field. Elastic sandstone, or so-called Itaoolumyte. Geological 
notes on part of Northern Hazaribagh. 

Pari 2 (out of print ). — Geological notes on route traversed by Yarkand Embassy from Shah-i- 
Dula to Yarkand and Kashgar. Jade in Karakash valley, Turkistan. Notes from Eastern 
Himalaya. Petroleum in Assam. Coal in Garo Hills. Copper in Narbada volley. Potash- 
salt from East India. Geology of neighbourhood of Mari hill station in Punjab. 

Part 3 ( out of print). —Geological observations made on a visit to Chadderkul, Thian Slian range. 
Former extension of glaciers within Kangra district. Building and ornamental stones of 
India. Materials for iron manufacture in Raniganj coal-field. Mangaueso-ore in Wardha 
coal-field. 

Part 4 (out of print ). — Auriferous rocks of Dhambal hills, Dharwar di^riot. Antiquity of human 
race in India. Coal recently discovered in the oouutry of Luni Pathans, south-east comer 
of Afghanistan. Progress of geological investigation in Godavari district, Madras Presi- 
dency. Subsidiary materials for artificial fuel. 


Vol. VIII, 1875. 

Parti (out of print ). — Annual report for 1874. The Altum-Artush considered from geological 
point of view. Evidences of ‘ ground-ice ’ in tropioal India, during Talohir period. Trials 
of Raniganj fire-bricks. 

Part 2 (out of print). — Gold-fields of south-east Wynaad, Madras Presidency. Geologies! notes 
on Khareean hills in Upper Punjab. Water-bearing strata of Surat district. Geology of 
Soindia's territories. 

Part 3 (out of print ). — Shahpnr coal-field, with notice of coal explorations in Narbada regions. 
Goal roeently found near Moflong, Khnsia Hills. 

Pari 4 (out of print ).'— Geology of Nepal. Raigarh and Hingir coal-fields. 


Vol. IX, 1876. 

Part 1 (out of print ). — Annual report for 1875. Geology of Sind. 

Part 2 (out of pn'rtf). —Retirement of Dr. Oldham. Age of some fossil floras of India. Cranium 
of Stegodon Ganesa, with notes on sub-genus and allied forms, Sub-Himalayan series in 
Jamu (Jammoo) Hills. 
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Part 3 (out of print). — -fossil flora# in India. Geological age of certain groups comprised in 
Gondwana senes of Indio, and on evidence they afford of distinct zoological and botanical 
terrestrial regions in ancient epochs. Relatione of fosaihierous strata at Maleri and Kota, 
near Sironeha, C. P. Fossil mammalian fauna of India and Burma. 

Part 4 ( out of print). — Fossil floras in India. Osteology of Merycopotamua dissimiUs. Addenda 
and Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Pir 
Panjal and neighbouring districts. 


Vol. X, 1877. 

Part 1 (out of print) — Annual report lor 1876. Geological notes on Great Indian Desert between 
Sind and Rajputana. Cretaceous genus Omphaiia near Nuineho lake, Tibet, about 76 
miles north of Lhassa. Eatheira m Gondwana formation Vertebrata from Indian tertiary 
and secondary rocks. New Embydmo from the upper teitiaries of Northern Punjab. 
Observations on under-ground temperature. 

Part 2 ( out of print), — Rooks of the Lower Godavari, 'Atgarh Sandstones* near Cuttack 
Fossil floras in India. New or rare mammals from the Si* aides. Aravah senes in North- 
Eastern Rajputana. Borings for coal m India Geology of India. 

Part 3 ( out of print), — Tertiary zone and underlying rocks m North West Punjab. Fossil floras 
in India Erratics in Potwar. Coal explorations in Darjiling district. Limestones m 
neigh boui hood of Rarakai Forms of blowing machine used by smiths of Upper Assam* 

Analyses of Ramganj coals 

Part 4 (out of print). — Geology of Mahauadi basin and its vicinity Diamonds, gold, and lead 
ores of Sambalpur district. * Eryon Comp Barrovenais ’, MoCoy, from Snpermatur group 
near Madras Fossil Ho as in India 1 he Diana group and * Central Gneiss * in bimla 
Himalayas Tertiaues of North-West Punjab. Gonora Chceromoryx and Mliagathcrium. 

Vol. XI, 1878. 

Part 1 — Annual leport for 1877. Geology of Upper Godavan basin, between uver Wardha 
and Godavan, near Sironeha. Geology of Kashmir, Kishtwar, and Pangi. Siwahk mam- 
mals. Palaeontological relations of Gondwana system. ‘ Erratics m Punjab.' 

Part 2 (out of pnw/).— Geology of Smd (second notice). Origin of Kumaon lakes. Tnp over 
Milam Pass, Kumaun Mud volcanoes of Raran and Cheduba. Mineral resources of 
Ramn, Cheduba and adjacent islands. 

Part 3 (out of print). — Gold industry in Wynaad. Upper Gondwana series in Twhmopoly anil 
Nellore-Kistna districts Sonarmontite from Sarawak 

Part 4.~ Gcogiaphual distribution of fossil oigaoisma in India, bubmorged foicst on Bombay 
Island. 


Vol. XU, 187**. 

Part l (out of print ). — Annual report for 1878 Geology of Kashmir (third notice). Siwalik 
mammalia biw&lik beds. Tour through Hangrang and Bpiti. Mud eruption m Ramn 
Island (Arakan) Braun it e, with Rhodonite, from Nagpur, Central Provinces. Paleon- 
tological notes hom oatpura coal- basin. Coal importations into India. 

Part 2 (out of print). — -Mohpam coal-field. PyiolusJte with Psilomelane at Gosalpur, Jabalpui 
district. Geological reoonnaissanco from Indus at Kushalgarh to Kurram at Thai on 
Afghan frontier Geology of Upper Punjab. « 

Part 3 (out of print). -Geological features of noitheni Madura, Padukota btate, and southern 
parts of Tanjoie and Tnohmopoly distnota included within limits of shcot 80 of Indian 
Atlas. Cretaceous fossils from Tnohmopoly district, collected in 1877-76. bphenophvllum 
and other Equisetacece with loferenoe to Indian foim Tnzygiu spociosa, Hoyle (SpLeno- 
phyllum truygia, Ung ) Mysorin and Ataoamite from Nelloro district Corundum 
from Khasi Hills Joga neighbourhood and old mines on Nerbudda. 

Pari 4. — '* Attook Slates ” and their probahlo geological position. Marginal bono of undes- 
onbed tortoise, from Upper Siwaliks, near Nila, m Potwar, Punjab. Geology of North 
Arcot district. Road section from Murree to Abbottabad. 


Vol. XIII, 1880. 

Part 1 (out of print). — Annual report for 1870. Geology of Upper Godavan basin in neighbour- 
hood of biroaaha. Geology of Ladak and neighbouring dtsinets. Teeth of fossil fishes 
from Ramn Island and Punjab. Fossil genera Ndegerathia, Stbg., NOggerathiopsis, 
Fstrn., and Rhiptozamites, Sebwalh., in palssozoio anusecondary rooks of Europe, Asia 
and Australia. Fosail plants from Kattywor, Shekh Budiu, and Birsujab. Voloaue 
fool of eruption in Konksn. 
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part 2. — Geological notes. Paleontological notes on lower trias of Himalayas. Artesian wells 
at Pondicherry, and possibility of finding sources of water-supply at Madras. 

Part 3 .— Kumaun lakes. Celt of palaeolithic type in Punjab. Palaeontological notes from 
Karharbari and South Pvcwa coal-fields. Correlation of Gondwana flora with other floras. 
Artesian wells at Pondicherry. Salt in Hajputana. Gas and mud eruptions on Arakan 
coast on 12th March 1879 and in Jnno 1843. 

Part 4 font of print).— Pleistocene deposits of Northern Punjab, and evidence they afford of 
extreme climate during portion of that period. Useful minerals of Arvali region. Correia* 
tion of Gondwana flora with that of Australian coal-bcarins yatom. Reh or alkali soils 
and saline well wAtcrs. Rob soils of Upper India. Naini Tal landslip, 18th September 
1880. 


Vol. XIV, 1881. 

Part /.— Annual report for 1880. Geology of part of Dardistan, Baltiaton, and neighbouring 
districts. Siwftbk carnivora. Siwalik group of Sub-IIimalayan region. South Rewah 
Gondwana booin. FerrnpinoiiH beds associated with baaaltie rocks of North-Eastern Ulster, 
in relation to Indian la tori to. Rajmahal plants. Travelled blocks of the Punjab. Ap- 
pendix to 4 Palaeontological notes on lower trios of Himalayas’. Mammalian fossils from 
l’orim Island. 

Part 2 ( nut of print). --Nnhan-Siwalik unconformity in North-Western Himalaya. Gondwana 
vertebrates. Ossiferous beds of Hundes in Tibet. Mining records and mining reoord 
office of Great Britain : and Coal and Metalliferous Mines Act of 1872 (England). Cobaltite 
and danatitc from Khctn mines, Hajputana ; with remarks on Jaipurite (Syepoorite). 
Zinr*-or« (Smifcbaoiiito and Blende) with barytes in Karnul district, Madras. Mud-oruption 
in island of Cheduba. 

Part 3 ( out of print ). —Artesian borings in India. Ob'goclase granite at Wangtu on Sutlej, North- 
West Himalayas. Fish-plate from Siwaliks. Palaeontological notes from Hazaribagh 
and Lohardagga districts. Fossil carnivora from Siwalik hills. 

Part 4 (out of print ). — Unification of geological nomenclature and cartography. Geology of 
Arvali region, central and eastern. Native antimony obtainod at Pulo Obin, near Singa- 
pore. Turgite from Juggiajiett, Kistnah district, and zinc carbonate from Karnul, Madras. 
Section from Dalhousic to Pangi, vid Such Pass. South Rowah Gondwana basin. Sub- 
merged forest on Bombay Island. 


VOL. XV, 1882. 

Part 1 (out of print ). — Annual report for 1881. Geology of North-West Kashmir and Kh&gan. 
Gondwana labyrinthodonts (Siwalik and JVrma mammals). Geology of Dalhouaie, North- 
West Himalaya. Palm leaves from (tertiary) Murroe and Kasauli beds in India. Iridos- 
mine from Noa-Diliing river, Upper Assam, and Platinum from Ohutia Nagpur. On (1) 
copper mine near Yongri hill, Darjiling district ; (2) arsenical pyrites in same neighbour- 
hood ; (3) kaolin at Darjiling. Analyses of coal and fire Hay from Makum coal-field. 
Upper Assam. Experiments on coal of Pind D ulun Khan, Salt-range, with reforonoe to 
production of pas, made April 29th, 1881. International Oongrei* of Bologna. 

Part 2 ( out of print ). — Geology of Travanoore State. Warkilli beds and reported associated 
deposits at Quilnn, in. Travarieoro. Siwalik and Narbada fossils. Coal-boaring rocks of 
Upper Rcr and Mand rivers ii\ Western Chutia Nagpur. Poneh river coal-field in Chind- 
wara diet-riot, Central Provinces. Boring for ooal at Engsein, British Burma. Sapphires 
in North-Western Himalaya. Eruption of mud volcanoes in Cheduba. 

Part 3 ( out of print ). — Coal of Mach (Much) in Bolan Pass, and of Sharigh on Hamai route 
between Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. Traps of 
Darang and Mandi in North-Western Himalayas. Connexion between Hazara and Kashmir 
series. Umaria eoal-field (South Rewah Gondwana basin). Daronggiri coal-field, Garo 
Hills, Assam. Coal in Mvanonng division, Henzada district. 

Part 4 ( out of print). — Gold-fields of MyHoro. Borings for coal at Beddadanol, Godavari district, 
in 1874. Supposed oocurrenoe of coal on Kistna. 


Vol. XVI, 1883. 

Fart I. — Annual report for 1882. Richthofeuia, Kays (Anomia Lawrenoiana, Kontnck). 
Geology of South Travanooro. Geology of Chamba. Basalts of Bombay. 

Part 2 ( out of pnrU). — Synopsis of fossil vortobrata of India. Bijori Labyrinthodont Skull 
of Hippotherium antilopinum. Iron ores, and subsidiary materials for manufacture of 
iron, in north-eastern part of Jabalpur distriot. Late rite and other manganese-ore occur- 
ring at Gosulpore, Jabalpur distriot. Umaria coal-field. 
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Port 4 (out of prttU), — Mkxroecopio structure of some Dolhousie rooks. Lavas of Aden. Pro- 
bable occurrence of Siwalik strata in China and Japan. Mastodon angnstidens Us India. 
Traverse between Almora and Mnssoorree. Cretaceous coal-measures at Borsora in Khasia 
Hills, near Laour in Sylhet. 

Pott 4 (out of print ). — Palaeontological notes from Daltongani and Hntar coal-fields in Chota 
Nagpur. Altered basalts of Dalhousie region in North-Western Himalayas. Mioroscopio 
structure of some Snb-Himaiayan rocks of tertiary ago. Geology of Jaonsar and Lower 
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Caohar Hills. Native 
lead from Maulmain and chromite from the Andaman Islands. Fiery oruption from one 
of the mud volcanoes of Cboduba island, Arakan. Irrigation from wells in North-Western 
Provinces and Oudh. 


Vol. XVII, 1884. 

Part 1 ( out of print). — Annual report for 1883. Smooth- water anchorages or mud-banks of 
Narrakal and Alleppy on Travancore coast. Billa Surgam and other caves in Kumool 
district. Geology of Chnari and Sihunta parganas of Chain ba. Lyttonia. Waagen, in 
Killing scries of Kashmir. 

Part 2 (out of print). — Earthquake of 31st December 1881. Microscopic structure of some 
Himalayan granites and gneissose granites. Choi coal exploration. Ro-discoveiy of 
fossils in Siwalik beds. Mineral resources of Andaman Islands in neighbourhood of Port 
Blair. Intertrappean beds in Deccan and Laramie group in Western North America 

Part 3 (out of print). — Microscopic structure of some Arvali rocks. Section along Indus from 
Peshawar Valley to Salt-range. Sites for boring in Kaigarh-flingir coal-field (first notice). 
Lignite near Kaipore, Central Provinces. Turquoise mines of NishApOr, Khorassun. Fiery 
eruption from Mynbyin mud volcano of Choduba Island, Arakan. Langrin coal-field, .South- 
West Khasia Hills. Umaria coal-field. 

Part 4 (out of print),— Geology of part of Cangosulan pnrgana of British Garhwal. Slates and 
BchlBtB imbedded in gneissoso granite of North-West Himalayas. Geology of Takht-i- 
Suleiman. Smooth-water anchorages of Travancoro coast. Auriferous sands of the 
Subansiri river, Pondicherry lignite, and phosphatio rocks at Musuri. Billa Siirgam caves. 


Vol. XVIir, 1885. 

Part 1 (out of print). — Annual report for 1 884. Country betwoon Singaroni coal-field and Kietna 
river. Geological sketch of country between Singareni ooal-field and Hyderabad. Coal 
and limestono in Doigrung river near Golaghat, Aasam. Homotaxis, as illustrated from 
Indian formations. Afghan field notes. 

Part 2 (out of print). — Fossiliferous series in Lower Himalaya, Garhwal. Ago of Mandhali series 
in Lower Himalaya. Siwalik camel (Camelus Antiquua, nobis ox Falc. and Cant. MS.). 
Goology of Chambv. Probability of obtaining water by means of artesian wells in plains 
of Upper India. Artesian sources in plains of Upper India. Geology of Aka Hills. Alleged 
tendency of Arakan mud volcanoes to burst into eruption most frequently during rams. 
Analyses of phosphatio nodules and rock from Mussoorec. 

Part 3 (out of print). — Getlogy of Andaman Islands. Third species of Merycopotamys. Per- 
colation as affected by current. Pirthalla and Chaudpur meteorites. Oil wells and coal 
in Thayetmyo district, British Burma. Antimony deposits in Maulmain district. Kashmir 
earthquake of 30th May 1885. Bengal earthquake of 14th July 1885. 

Part 4 (out of print). — Geological work in Cbhattisgarh division of Central Provinces. Bengal 
earthquake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations 
in Billa Surgam oaves. Nepaulito. Sabetmahet meteorite. 


Vol. XIX, 1886. 

Part 1 (out of print). — Annual report for J885. International Geological Congress of Berlin, 
Palaeozoic Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal- 
bearing beds. Afghan and Persian Field notes. Section from Simla to Wangtu, and 
petrological character of Ambhibolitcs snd Quartz-Diorites of Sutlej valloy. 

Pari 2 (put of print). — Geology of part s of Bellary and Anantapur districts. Geology of Upper 
Dehing basin in 8ingpno Hills. Microscopic characters of eruption rocks from Central 
Himalayas. Mammalia of Kamul Caves. Prospects of finding coal in Western Raj po tans. 
Olive group of Salt-range. Boulder-beds of Salt-range. Gondwana Homotaxis. 

Part 3 ( out of print).-^ Geological sketch of Vizagapatara district, Madras. Goology of Northern 
Jesalmer. Microscopic structure of Malanl rooks of Arvali region. Malanjkhandi copper- 
ore in Balaghst district, C. P. 
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Part 4 (out of print), — Petroleum in India. Petroleum exploration at ithAtan. Boring in 
Ohb&ttisgarh coal* fields. Field-note from Afghanistan : No. 3, Turkistan. Fiery erap* 
tion from one of the mud volcanoes of Cbeduba Island, Arakan. Nammianthal aerolite. 
Analysis of gold dust from Meza valley, Upper Burma, 


Vol. XX, 1887. 

Part 1 ( out of print ).— Annual report for 1880. Field-notes fi a Afghanistan : No. 4, from 
Turkistan to India. Physical geology of West British Garhwal ; with notes on a route 
traversed through Jaunsar-Bawar and Tiri -Garhwal. Geology of Garo Hills. Indian 
image-stones. Soundings recently taken off Barren Island and Naroondam. Talohir 
boufdor-beds. Analysis of Phosphatio Nodules from Salt-range, Punjab. 

Part 2 ( out of print ). — Fossil vertebrata of India. Euhinoidea of cretaceous series of Lower 
Narbada Valley. Field-notes : No. 6— to accompany geological sketch map of Afghanistan 
and North-Eastern Khoraasan. Microscopic structure of Rajroahnl ana Deccan traps, 
Uolorito of Chor. Identity of Olive series in east, with apookled sandstone in west, of 
Salt-range, in Punjab. 

Pari 3 . — Retirement of Mr. McdlicoH. J. B. Mushketoff’s Geology of Russian Turkistan. 
Crystalline and melaruorphic rocks of Lower Himalaya, Garhwal, and Kum&un, Section 
I. Geology of Simla ana Jutogh. ‘ Lalitpur * meteorite. 

Part 4 ( out of pr ini).— I flints in Himalayan geology. Crystalline and rnet&morphio rocks of 
Lower Himalaya, Garhwal, and Kumaon, Section II. Iron industry of western portion 
of Raipur. Notes ou Upper Burma. Boring exploration in Chhattisgarh coal-field (Second 
notice). Pressure Motaiuorphism, with reference to foliation of Himalayan Gnoisaose 
Granite. Papers on Himalayan Geology and Mierosoopio Petrology. 


Vol. XXI, 1888. 

Part Annual report for 1887. Crystalline and metamorphio rocks of Lower Himalaya, 
Garhwal, and Kumaun, Section III. Birds’-nest of Elephant Island, Mergui Archipelago. 
Exploration of Josalumr, with a viow to discovery of coal. Faoottod pebble from boulder- 
bed (‘ speoklod sandstone ’) of Mount Obel m Salt-range, Punjab. Nodular stones obtained 
off Colombo. 

Part 2 ( out of print ).— Award of Woolasten Gold Medal, Geological Society of London, 1888. 
Dharwar System in South India. 1 gneoue rooks of Raipur and Balagliat, Central Provinces. 
Sangar Marg and Mohowgale coal-fields, Kashmir. 

Part 3 ( out of print ). — Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous 
Glacial Period.* Pro-tertiary sedimentary formations of Simla region of Lower Himalayas. 
Part 4 (out of print).— Indian fossil vertebrates. Geology of North-West Himalayas. Blown- 
sand rock sculpture. Nummulites in Zanskar. Mica traps from Barakar and Raniganj. 


Vol. XXII, 1889. 

Part 1 (mi< of print ). — Annual report for 1888. Dharwar System in South India. Wajra Karur 
diamonds, and M. Chapor's alleged disoovory of diamonds in pegmatite. Generic position 
of so-called Plesiosaurus indious. Flexible sandstone or Itacolumito, its nature, mode of 
occurrence in India, and cause of its flexibility. Siwalik and Narbada Chelonia. 

Part 2 (out of print ). — Indian Steatito. Distorted pebbles in Siwalik conglomerate. “ Carboni- 
ferous Glacial Period.” Notes on Dr. W. Waagen's ” Carboniferous Glacial Period *\ Oil- 
fields of Twingounc and Beme, Burma. Gypsum of Nehal Nadi, Kumaun. Materials 
for pottery in neighbourhood of Jabalpur and umaria. 

Part 3 (out of print).— Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Noobolus 
beds of Salt-range. Geological notes. Chcrra Poonjee coal-fields, in Khaaia Hills. Cobal- 
tiferous Matt from NopAl. President of Geological Society of London on International 
Geological Congress of 1888. Tin-mining in Mergui district. 

Part 4 (out of print).— Land- tortoises of SiwaJiks. Pelvis of a ruminant from Siwaliks. Assays 
from Sambhar Salt-Lake in RAj putani. Manganiforous iron and Manganese Ores of Jabal- 
pur. Palagonite- bearing traps of RijmahAl hills and Deccan. Tin-smelting in Malay 
Peninsula Provincial Index of Looal Distribution of Important Minerals, Miscellaneous 
Minerals, Gem Stones and Quarry Stones in Indian Empire : Part I. 
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?ol. xxrn, i860. 

Part 1 (out of print).— Annual report for 1889. Lakadong coal-fields, Jaintla Hi He. Pectoral 
and pelvio girdles and skull of Indian Dioyonodonta. Vertebrate remains from Nagpur 
district {with description of fish-skull). Crystalline and metamorphio rocks of Lower 
Himalayas, GarhwAl and Kumaun, Section IV. Bivalvos of Olive-group, Salt -range. 
Mud-banks of Travanco re coasts. 

Part 2 (out of print ). — Petroleum explorations in Harnai district, Baluchistan. Sapphire Mine 
of Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold-field. 
Field-notes from Shan Hills (Upper Burma). New species of Syringospharicue. 

Part 3 ( out of print ). — Geology and Economic Resources of Country adjoining Sind-Pisbin Rail- 
way between Sharigh and Spintangi, and ofcountry between it and Khattan. Journey 
through India in 1888-89, by Dr. Johannes Walther. Coal-fields of Lairungao, Meosan- 
dram, and Mao-bo-lar-k&r, in the Khasi Hills. Indian Steatite. Provincial Index of Local 
Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones 
in Indian Empire. 

Part 4 ( out of print ). — Geological sketch of Naini Tal ; with remarks on natural conditions 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Liau and 
Ramthi rivers. Basic Eruptivo Rooks of Kadapah Area. Deep Boring at Luoknow. 
Coal Seam of Dora Ravine, Hazara. 


Vet. XXIV, 1891. 

Part 1 (out of print ). — Annual report for 1890. Geology of Salt-range of Punjab, with 
re-considered theory of Origin and Ago of Salt-Marl. Graphite in decomposed Gneiss 
(Laterito) in Ceylon. Glaciers of Kabru, Pan dim, etc. Salts of Sambhar Lake in Raj- 
putana, and ‘ Reh * from Aligarh in North-Western Provinces. Analysis of Dolomite 
from Salt-range, Punjab, 

Part 2 (out of print ). — Oil near Moghal Kot, in Sheriiu country, Suleiman Hills. Mineral Oil 
from Suloiinan Hills. Geology of Lushai Hills. Coal-fields in Northern Shan Stales. 
Reported Nams^ka Ruby-Mine in Mainglfln State. Tourmaline (Schorl) Minos in Mainglfin 
State. Salt-spring near Bawgyo, Thibaw State. 

Part 3 (out of print ).- -Boring in Daltonganj Coal-field, Palamow. Death of I)r. P. Martin 
Duncan. Pyroxenifl varieties of Gneiss and Scu polite-bearing Rooks. 

Part 4 (out of print). — Mammalian Bonos from Mongolia. I >arjiling Coal Exploration. Geology 
and Mineral Resources of Sikkim. Rooks from the Salt-range, Punjab. 


Vof.. XXV, 1892. 

Part 1 (wt of print ). — Annual report for 1891. Geolog} of Thai Chotiali ami part of Mari 
country. Petrological Notes on Boulder-lwd of Salt-range, Punjab. Sub-rcccnt arid 
Itocont Deposits of valley plains of Quetta, Pishiu, and ])asht-i-P»odalot : with appendices 
on Chammans of Quinta ; and Artesian wator-supply of Quetta and PLshin. 

Part 2 (out of print ). — Geology of Sated Kdh. Jherrih Coal-field. 

Part 3 (out of print ).— Locality of Indian Tachoffkinito. Geological Sketch of country north of 
Bharao. Economic resources of Amber and Jade mines* area in Upper Burma. Iron-ores 
and Iron industries of Salem District. Riebcckite in India. Coal on Great Tcnassorim 
Rivor, Lower Burma. 

Part 4 (out of print ).— Oil Springs at Mogal Kotin Shirani Hills. Mineral Oil from Suleiman 
Hills. Now Amhar-like licsio in Burma. Triassic Deposits of Salt-rango. 


Vot, XXVI, 1893. 

Part 1 (out of print ). — Annual report for 1892. Central Himalayas. Jadoite in Upper Burma, 
Burmite, new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District, 
1891-92. 

Part 2 (out of print ).— Earthquake in Baluohistan of 20th Deuem her 1 892, Burmito, new arabor- 
like fossils from Upper Burma. Alluvial deposits and Subterranean water-supply of 
Rangoon- 

Part 3 (out of print ). — Geology of Sherani Hills. Carboniferous Fossils from Tenasserlm. 

Boring at Chandernagore. Granite in Tavoy and Mergui. 

Part 4 (out of print).— Otology of country between Chappar Rift and Harnai in Baluchistan. 
Geology of part of Tenasserim Valley with special reforenco to Tendau-Kamapying Coal- 
field. Magnetite containing Manganese and Alumina. Hialoptte, 
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Vol. XXVII, 1894. 

Part 1 ( out of print).— Annn*l report for 1893. Bhaganwala Coal-field, Salt-range, Punjab. 

Tart 2 {out of print). — Petroleum from Banna. Singareni Coal-field, Hyderabad (Deccan). 
Gohna Landslip, Garhwal. 

Part Z (out of prinf).- -Cambrian Formation of Eastern Salt-range. Ciridib (Karharbari) Coal- 
fields. Chopped (?) Flints in Upper Miocene of Burma. Velates Sohmidoliana, Chemn., 
and Pro velates grandis, Sow. sp., in Tertiary Formation of India and Burma. 

Part 4 ( nut of print ). — Geology of Wnntho in Uppor Burma. Ecir oids from Upper Crotaceous 
System of Baluchistan. Highly Phosphatio Mica Periodotites intrusive in Lower Oondwana 
Rocks of Bengal. Mica-Hyporstheno-Hornblende-Periodotite in Bengal. 


Vot.. XXVIII, 1895. 

Part ] — Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion to 
Barron Island. Bibliography of Barron Island and Narcondam from 1884 to 1894 . 

Part 2 (out of print ). — Cretaceous Hocks of Southern India and. geographical conditions during 
later orotaceous times. Experimental Boring for Petroleum at Snkkur from October 1893 
to March 1895. Tertiary system in Burma. 

Part 3 (out of print ).— Jadeito and other rooks, from Tarmnaw in Uppor Burma. Geology of 
Toohi Valley. Lower Gondwanas in Argentina. 

Part 4 (out of print).— Igneous llocks of Giridih (Kurhurbarce) Coal-fiold and tbeir Contact 
Effects. Vindhyan system south of Sone and their relation to so-called Tiower Vindhyans. 
Lower Vindhyan area of Bono Valley. Tertiary system in Bnrma. 


Vor,. XXIX, 18%. 

Put I 1 (nut of print ). — Annual report, for 1895. Aeicular inclusions in Indian Garnets. Origin 
and Growth of Garnets and of their Micropeg mati tic intergrowths in Pyroxenio rockB. 

Part 2 (nut, of print).- -Ultra-basic rocks and derived minerals of Chalk (Magnesite) hills, and other 
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts, 
Madras. Corundum and Kvanitc in Manbhura district, Bengal. Ancient Geography of 
“ Gnndwana-land." Notes. 

Part 3. — Igneous Rocks from the Tochi Vallej Notes. 

Part 4 ((tul of print).— Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Knimur) 
area of Sone VnJley, Bewail. Notes. 


Vor.. XXX, 1807. 

Pari 1 (out of print ). — Annual report for 1896. Norite and associated Basio Dykes aud Lava 
flows in Southern Tudia. Genus Vertebraria. On Glossopteris and Vcrtebraria. 

Part 2 . — Cretaceous Deposits of Pondicherri. Notes. 

Part 3 (ovt of print ). — Flow structure in igneous dyke. OJivine-nr rite^dykes at Coonoor. Exca- 
vations for oonmdum near Palakod, Salem District. Oeourrenoo of coal at Palana in 
Bikaner. Geologioal specimens collected by Afghan-Baluoh Boundary Commission of J896. 

Pari 4 (out of print ).- -Nemalito from Afghanistan. Quart.7. -barytes rock in Salem district, 
Madras Presidency. Worn fnrnur of llippopotamu* irravadicup, Caut. and Falo., from 
Lower Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Peroussion Figures 
on micas. Notes. 


Vol. XXXI, 1904. 

Part l (out of print). — Prefatory Notice. Copper-ore near Komai, Darjiling district. Zewan 
beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mianwali district, Punjab. 
Um-Bilong coal-beds, Assam, Sapphiriuc- bearing rock from Vizagapatam District. Mis- 
cellaneous Notes. Assays. 

Part 2 (out of print). — Lt.-Gcnl. C. A. MacMahon. Cyclobus ITaydeni Diener. AnriferouB 
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modem methods 
of Coke-making at East Indian Railway Collieries, with supplementary note by Director, 
Geologioal Survey of India. Miscellaneous Notes. 

Part 3 (out of print).— Upper Paheozoio formations of Eurasia. Glaciation and History of Sind 
Valley. Halo rites in Trias of Baluchistan. Geology and Mineral Resources of Mayor- 
bbanj. Miscellaneous Notes. 

Part 4 (out of print).— Geology of Upper Assam. Auriferous Occurrences of Abbott Curious 
occurrence of Scapolite frojn Madras Presidency. Miscellaneous Notes. Index. 
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Vol. XXXII, 1905. 

Part 1 . — Review of Mineral Production of India during 1898-1903. 

Pari 2 ( out of print). — General report, April 1903 to December 1904. Geology of Provinces 
of Taang and 0 in Tibet. Bauxite in India. Miscellaneous Notes. 

Pari 3 (out of print). — Anlhivivolitbic Fauna from Subanam Goigo, Amin. Elephas Antiquus 
(Naniadicuaj m Godavari Alluuum. Triable Fauna of Tropitcs-Limostono of Byuxia. 
Amblygonitc in Kashmir. Miscellaneous Notes. 

Part 4. — Obituary notices of H. B. MedlicoLt and VV. T. Blnnford. Kangra K.irthquako of 
4th April 1905, Index to Volume XXXII. 

Vol. XXXIII, 1906. 

Pail 2 (out of print).— Mineral Production of India during 1004. Pleistooono Movemeut in 
Indian Peninsula. Recent. Chnngrs m Com so of Num-tu River, Northern Shan Stales. 
Natural Budge in Gokteil; Gorge. Get* logy and Mineral Resources of Narnaul District 
( l\i.t lain State). Mis.'cllaucuua Notes. 

Po.it 2 (out of ptint ).— General report for 1905. Ltishio Coal-field, Northern Shan States. 
Xatiinin, Maasang and Mnn-ae-le Coal-fields, Northern Shan States, Burma. M iHcellanecua 
Notes. 

Pint 3 (out of print).— PttroJngy and Manganese-ore Tie posits of Sausav Tahsil, Chhindwnra 
district, Central Prounets. Geology of pint of valley of Kantian River in Nagnur and 
Chhindwara districts, Ceutial Provinces. Manganite from Sandur Hills. Mirwellftneonw 
Notes. 

Part i ( iut of p> inf).- -Composition and Quality of Indian Coals. Classification of the Vindhynn 
System. Geology of State ot Pazurt with rcLrenco to the Diamond-bearing Deposits. 
Index to Volume XXXI II. 

Vol. XXXIV, 1900. 

Pmt J (out tf print).— Fossils fiom Hnlorites Limestone of Bambunag Clitf, Kumaon. Upper 
Tfias.su: Fauna from Pishin Disljiet, Baluchistan, Geology of portion of Bhutan. Coal 
OeunnnceK in Foot-hilh of Bhutan. Daudli Coal-held: Coal outcrops in Kotli Tahsil 
uf Jammu estate. Misoelhmeous Notes. 

Past 2 (out of pun!,.-- Mineral production of India during 1905. Numiuulites Douvillvi, with 
remarks on Zonal Distribution of Indian Nuinmulitcs. Auriferous Tracts in Southern 
India. Abandonment of Collieries at. Warom, Central Provinces. Miscellaneous Notes. 

Pint 3 (out of print).* -Explosion Craters m Lowci Clundu m District, Burma. Lavas of Pavagad 
Hill. Gibbsito with Muugancsu-ore from Tale\adi, Belgauni district, and GibbsiU* from 
Hheko" li, SaLira District. Classification, of Tertiary System in Sind with reference to 
Zona! Distribution of Eocene Echinoidea. 

Part •/ (on! of punt ). — Jaipur and Nazira Coal-fields, Upper Assam. Makum Coal-fields botwemi 
r J’irap and Namdang Streams. Kobat Anticline, near Seiktoin, Myingyan district, Upper 
Burma. Asymnu-tijwof Yunangyat-Singu Anticline, Upper Burma. Northern part of 
ti'iegy.i Anticline. Myingyan District, Upper Burma. Breynia Multifcuberculata, from 
Nari of Baluc histan and Sind. Index to Volume XXXIV. 

Vol. XXXV, 1907. 

Part 1 (out of p\ in l ). — General report for 1900. Orthophraginina and Lcpidocvcliua in Nummu- 
litio Sen< s. Meteoric Shower of 22nd Gctobci 1903 at Dokachi and neighbourhood, Dacca 
district. 

Part 2 ( out of print). — Indian Aerolites. Brine-wells at Bawgyo, Northern Shun States. Gold- 
boaring Deposits of Loi Twang, Shan States. Fh}sa Prinsopii in Maeatrichtiun strata of 
Baluchistan. Miscellaneous Notes. 

Part 3. — Preliminary survey of certain Glaciers in North-West Himalaya. A.— Notes on certain 

Glaciers in North- Wost Kashmir. 

Part 4. — Preliminary survey of certain Glaciers in North-West Himalaya. B, — Notes on certain 
Glaciers in Lahaul. C. — Notes on certain Glaciers in Kumaon. Index to Volume XXXV. t 

Vol. XXXVI, 1907-08, 

Part l (out of print ). — Petrological Study of Rocks from hill tracts, Vizugapalam district, Madras 
Presidency. Nophcline Syenites from hill tracts, Vizagapatam district, Madras Presidency. 
Stratigraphical Position of Gangamoptcris Bcos of Kashmir. Volcanic outburst of Late 
m,..*: — c*..u. im — : \t ui — kt,... flU ida 5 *from Bugti Hills, Baluchistan 



Part 2 (ord of print). — Mineral Production of India during 1906. Ammonites of Bsgh Beds 
Miscellaneous Kotos 

Pari 3 (out of print).- — Marine fossils in Ycnangj'aung oil-field, Upper Burma. Freshwater 
shells of genus Balitsti m Yenangyavng oil-field, Upper Buiroa. New Species of Dendro- 
phylliu fiom Upper Miocene of liuima. Structure and age of Taungtha hills, Myingyan 
district, Upper Burma. Fossils from Sedimentary locks of Oman (Arabia). Rubies iu 
Knehin hills, Upper Burma. Cretaceous Oibitoales of India. Two Calcutta Earthquakes 
ol ]9(*G. M lsu l lant ous Notes. 

Part 4 (out of pi nit). — l'seudo- J rnoids from l’ab sandstones at Fort Munro, and fiom Vindhyan 
senes. Judeitc m Knehin Hills, Uppci Burma. \\ ttchok-Ycdwet Pegu outcrop, Magwe 
dud net, Ujiper Burma. Gioup of Manganates, comprising Ilollandite, PBilomelane and 
f 'oronndite. Occuirtnce of Wolfram in Nagpur district, Central Provinces. Miscellaneous 
Notts. Index to Volume XXXVI. 

Vol. XXXVII, 1908-09. 

}'t nt 1 (nut of print), — General report for 1907. Mineial Production of India during 1907. 
Ocmrrence of striuted boulders in Blnim foimation of Simla. Miscellaneous Notes. 

Part 2 ( out oj print). — Toitiniy arid Post-Tt rtiaiy FicslrwaUr Deposits of Baluchistan and Smd. 
Geology and Mmtiul Bcsourecs of Rajpiplu State. Suitability of sands in Rajmahal llills 
for glass inanufactuie. Three new Manganese -bearing minerals: — Viedenbuigitc, Situ* 
puiite and Juddite. Latcrites from Central Provinces. Miscellaneous Nott s. 

Part 3 (out of punt).— Southern part of Gwegyo llills, including Pay agyigon-Ngashandoung 
Oil field. Silver-lead mines of Bawdwjn, Northern Shan States. Mud volcanoes of Arnkan 
Cnasl, Buimn. 

Part 4.— Gypsum Deposits m Ilamnpur dintiict, United Provinces. Gondwanas and related 
marine sedimentary system of Kashmir. Minot llaneous Notes. Index to Volume* 
XXXVII. 

Vol. XXXVIII, 1909-10. 

Part I .— General rcpoit foi 1908. Mineral Pioduction of India during 1908. 

Part 2 (out of prtnt) — Ostrea lotimarginata m ‘‘ Yeiiangy aung stage ” of Burma. China-clay 
and Fireclay dcjaisits in ltajmuhul Ihlls. Coal at Gilhurria in Kajmalial hills. Pegu 
I nlier nt Ondwo, Magwo district. Upper Burma. Salt Deposits of Kajputana. Miscella- 
neous Notes. 

Part 3.~ Geology of Sarauan, Jhnlawun, Mokrun and the State of Las Bela. Hippurite-boarmg 
Limestone in Sristun and Geology of adjoining region. Fusulinidie from Afghanistan. 
Miscellaneous Notes. 

Part Geology and Prospects of Oil in Western Promt* and Kama, Lower Burma (including 
Nntn&yun, Pndnuug, Taunghogyi and Zi.nng) Kecoirclation of Pegu system in Burma 
with notes on lloi iron of Oil-bearing Strain (including Geology of Padaukpm, Banbyin 
and Aukninnt'in). Fossil kish Teeth from Pe*gu system, Burma. Northern part of 
Yen.mgyut Oil-field. Iron On s of Chanda, Central Prov.noes. Geology of Aden Hinter- 
land. Petrological Notes on re. kb near Arkn. Upp< r ^urassi^ Fossils near Aden. Mis- 
cellaneous Notes Index to Volume XXXVlil. 

Vol. XXXIX, 

Quinquennial Review of Minora) Production of India during 1004 to 1008 {out of print). 

Vol. XL, 1910. 

Part L- -Pro-Carboniferous Life-Provinces. Lukes of Salt Range in the Punjab. Preliminary 
Biuvey of certain Glueneis in Himalaya. D,— Notes on certain Glaciers in Sikkim. New 
Mammalian Geneia aiul Specks fiom Teitinries of India. 

Purl 2 (out of ]innt). — Central Report for 1909. Mineral Production of India during 1909. 

Part 3. — Revised CloBsifieatiou of Tertiary Fieshwa t< r Deposits of India. Rovision of Siluriun- 
Trios frequence in Kashmir. Fencstella -bearing beds in Kashmir. 

Part 4 ( out of print). — Alum Shale aud Alum Manufacture, Kalabagh, Miauwali district, Punjab. 
Coal- fields in North-Eastern Assam. Sedimentary Deposition of Oil. Miscellaneous Notes. 
Jmlt'x to Volume XL. 

Vol, XLT, J911-12. 

Pari Age and continuation in Depth of Manganese-ores of Nagpur-Balaghat Area, Central 
Provinces. Manganese -oi e deposits of Gangpur State, Bengal, and Distribution of Gondite 
Series in India. Baluchbtan Earthquake of 21st October 1909. Identity of Oatrea Pro- 
raenais, Noctling, from Pegu System of Burma and Ostrea Pigifcalina, Eichwald, from 
Miocene of Europe. Mr. T. R. Blyth. Miscellaneous Notes, 
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Part 2 . — General Report for 1910. Devonian Fossils from Chitral, Persia, Afghanistan and 
Himalayas. Sections in Pir Panjal Range and Sind Valley Kashmir. 

Part 3 . — Minoral Production of India duiing 1910. Sam urs kite and other minerals m Nellon 
District, Madras Presidency. Coal in Namehik V alloy , Upper Assam. MiMjollani'Oua 
Notes. 

Part 4. — Pegu*Eocono Succession m Mmbu District near Ngape. Geology of Hcu/ada District, 
Burma. Goology of Lonar Lake, with nolo on Lonar Soda Deposit. International Gco- 
logioal Congress of Stockholm. Miscellaneous Notes. Index to Volume XI A. 


Vol. XLII, 1012. 

Part 1 . — Survival of Miooeno Oyster in Rocont Seas. Silurian Fossils from Kaslimi. - . Bludito 
from Salt Range. Gold-bearing Deposits of Moug Long, Hsipaw State, Northern Shan 
States, Burma. Steatite Dcjiositd, idar State. Miscellaneous Note. 

Part 2.- -General Rcpoit for 1911. Dicotyledonous Leaves from Coal Mi asures of Asuim. 
Poting Glacier, Kumaon, Himalaya, June 1911. Miscellaneous Notes. 

Part 3 . — Mineral Production of India during 1911. Kodurilo Series. 

Pint ■/. — Geological Roconiiaiasanou through Dehoiig Valley, being Geological Results >f Alior 
Expedition, 1911-12. Traverse across tho Naga llills of Assun, fudi.ui A«roliL«>j. Mis- 
cellnneous Notes. 


Vol. XLII Ip 191.1. 

Pmt I [out of print).- -General Report tor 1912. Garnet as a Geological Raiomeli i. \\ olli.uiuli 
in Tavoy District, Lou or Ruimu. Miscellaneous Note.-.. 

Pint 2 (out of print). -Mineral Production ol India duimg 1912 RoLt lon-du |> ol tin Union >yn 
to th( Indo-Gangotie Plain and the Indian Poumsuli. Ilamiiergin from Ka.ltuiii 

Part J.- -Contributions to the geology of the Provnuo ol Yunu.m m Wi'-tmu China I.-- 
Ulmmo-TOng-Yueh Area. 11. — Petrology ol Volcanic Ko'-Ui «>t Teug-Vudi Distiul. The 
Kuna Hills. Raiiswal Aerolite. 

Part i -Gold-bearing Alluvium of Cluudwm Kivu and Tulml me,, (.oriel item <»L 'M.valik 
u 4 th Mammal ilonzons of Jiurope. Goutnbutioiu to tho Geology of Llie Piovmcc «>l 
Yunnan in \V r eotei u C’huui .III. SLratigi.iphy ol Ordovician end Siluu.m Red- • >f Wm'i’ih 
Y unnan, with Provision d P il.o mlological Deici inination>. Not< * on *' « am n oei mu > 
Asiatic us ” from LJurma. 


Vol. XL1V, 1911. 

Pm I l ( otitn) print* - -GeiU'i oi RopJitliu 1919. (‘ vibou iceous Aiuolin hoin K ijpul uu< Nwiii- 
muliR- as Zone Fo&sils, with dcjci ijikion of some Bui mi so spurns. 

P-ofr 2. -Contributions lo tho Geology of the Proving of Yimnan m \V< item China - IV'. — 
Country around Y'uiuian Fu. Dyke of white Tiap fiom IVneli Valley Id, 

Chhindvvara Dislriot^Oential Provinces. Mineral •‘>moeisinie< dm in* I9i.l. 

/’in t 4. -Coal seams near Yaw River, i’akukku Dnluot, Upper Ruim.i Tie; Mmii/iu’ So u*l % 
of Tin vane ore. Lower CrelaeeuiH Fauna from Himalayan Gnmniel S mdstono together 
with description of a few fossils from Chikk'ut .series. lndiroto< M.ilrnouUmn Pilgrim 
Fut-iro lie ho a cl mg of Sou and Rer Rivers by H tsdo 

Part if. —Salt Deposits of Ois- Indus Salt Range. Teeth referable Lo Liw< i Siwidik (ucodont 
gonus ‘ Dissopaalis ’ Pilgrim. Ulacieio of Dhuili and Lwar Valleys, Kumaon, liim.iUyi, 
September 1912. Miscellaneous Notes. 

Vol. XLV, 1915. 

Part /.—New Siwahk Primates. Rraclnopeda of Namym Mel. of Rur/rta. Miscellaneous 
Note. 

Part 2.- -General Report for 1914. Note on Sivailurus mid P iraiuacleciodus. 

Part 3. — Mineral Production of fndia during 1911. r Un» - *: New Indian Mot* o' its*. i. JCuttip- 

purarn, Shupiyan and Kamsagur. Dentition of Tra^u lnl Genus ( iJoiuibuun). Hematite 
Crystals of Corundiform Habit from Kajhdougri, Central India. 

Parf 4 . — Geology of country near Ngahlamgdwin. Geology of Chitnil, Gdgit and Pamirs. 

Vol. XLVI, 1915. 

Quinquennial Reviow of Minoral Production of India for 1909 tq 191.1 (out of print). 
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VOL. XLVII, 1916. 

Part /.— -General Report for 1915. Eocene Mammals from Burma. Miscellaneous Notes. 

Part 2. — Tho Deccan Trap Flows of Lings, Chhiodwara District, Central Provinces. Iron 
Ore Deposits of Twin»g6, Northern Shan States. 

Pari 3. — Obituary : U. C. Burton. Mineral Production of India during 1915. Flemingos- 
trea, an eastern group of Upper Cretaceous and Eocene Ostreidro, with descriptions of two 
new species. 

Part 4. — Contributions to tho Geology of the Province of Ylinnan in Western China : 5. — 
Goology of parts of the Salween and Mekong Valleys. A fossil wood from Burma. Tho 
Visuiii and Ekh Khera Aerolites. 

Vol. XLVITI, 1917. 

Pari 1. -General Report for 1916. A revised classification of the Gondwana System. 

Part 2.' -Mineral Production of India during 1916. Mammal collections from Basal Beds of 
Siwahks. 

Pari 3. — Crystallography and Nomenclature of Hollandito. Geology and Oro Deposits of 
Bawdwin Mines. Miscellaneous Notes. 

Pari 4. — Biana-Lalsot IIills in Eastern Rajputana. Origin of the Laterite of Sconi, Central 
Provinces. 

Vol. XL1X, 1918-19. 

Part 1 . --General Itoport for 1917. Cassiterite Deposits of Tavoy. Lea Ecliinides deE “ Bagli 
Beds." 

Pari 2. — Mineral Production of India during 1917 Support of Mountains of Central Asia. 

Part 3. — Structure and Stratigraphy in North-West Punjab. Aquamarine Mums of Daso, 
Pakistan. Snmangal Earthquake of July 8th, 1918. 

Part 4. — Possible Occurrence of Petroleum m Jammu Province : Preliminary Note on the 
Nar-Bwlhan Dome, of Kotli Tchad in the Punch Valley. Submerged Forests at Bombay. 
liifra-Trappeans and Silieilied Lava from Hyderabad, S. India. 

Vol. L, 1919. 

Part 1. — General Report for 1918. Potash Salts of Punjab Salt Range and Kohal. Origin 
und History of Rock-salt Deposits of Punjab and Kohal. 

Part 2. — Tungsten and Tin in Burma. Inclination of Thrust-plane between Siwahk and Murroo 
zone near Kotli, Jammu. Two Now Fossil Localities m Garo Jlilis. Sanni Sulphur Mine. 
MisoollaneoiiH Notes. 

Part 'i ( out of print). — Mineral Produet ion of India during 1918. G istropodu Raima of Old 
Lake-beds m Upper Burma. Gelena Deposits of North-Eastern Putno. 

Part 4 (out of print).- Pitchblende, Monu/ito and othei minerals from Pjclildi, Gaya distncl, 
Bihar and Orissa. Natural Gas in Bituminous Salt from Kohat. Mineiel lh sources 
of Contrul Piovinees. Miscellaneous Notes. 

Vol. LI, P>20-:»]. 

Pail l. — Geuoial Bopoit for 1919. Pseudo irvsUls of Graphite from 'i'ra vane. ore. Mme.ial 
related to Xonotnno from Manbhum District, Bihar and Oru>sa Provime. Coal Scams 
of Foot-Hills of the Arakan Yoma, bolw. ei\ D tpan Yaw in Pskokku and Ngipe m Minbu, 
Upper Burma. Observations on “ Physu Prinsepii,’' Sow. why and on a Clionnl Sponge 
that burrowed in its shell. t 

Part 2. — Classification of fossil Cypiieidac. Sulphui neai the confluence of tho Greater Zul> 
with tl:e Tigris, Mcsopotaiom. Miscellaneous Notes. 

Part 3. — Mineral Production of India during 1919. R f>i alts of a Revision of Dr. Noetling’s 
Second Monograph on the Tertiary Fauna of Burma. Marine Fossils collected by Mr. 
Pinfold in the Garo Hills. 

Pari 4. — Illustrated comparative Diagnoses of Fossil Torobridaj from Burma. Indian Fossil 
Viviparw. New fossil Unionid from the Intcrtrapjiean beds of Peninsular India. Uruouidic 
from tho Miocene of BurmA. 

Vol. 3JI, 1921. 

Quinquennial Review of Mineral Production of India for 1911-1918. 

Vol. LIII, 1921. 

Part /. — General Report for 1920. Antimony deposit of Thabyu, Amherst district. Antimony 
deposits of Southorn Shan States. Geology and Mineral Resources of Eastern Persia. 
Miscellaneous Notes, 

Part 2. — Comparative Diagnoses of Plcurotomidie from Tertiary Formation of Burma. Com- 
parative Diagnoses of Comdie and Caucellariidas from Tertiary of Burma. Stratigraphy, 
Fessiia and Geological Relationships of Lumeta Beds of Jubbnlporc. Rocks near Lameta 
Ghat (Jubbulpore District). 

Part 3 ( out of print). —Obituary : Frederick Richmond Mallet. Mineral Production of India 
during 1920. Minoral Resources of Bihar and Orissa. 

Part 4 .— Stratigraphy of tho Singu-Yenangyat Area. Analysis of Singu Fauna. Sulphur 
Deposits of Southern Pm si a. A Zone-Fossil from Burma: Ampullina (Megatylotus) 
Birm&uioa. 
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Vol. LJ.V, 1922. 

Part 1 . — General Report for 1921. Contributions to the Geology of the Province of Yunnan 
in Western China: VI.— Traverses between Tali Fu and Yunimi Fu Geology of Tukki 
Zam Valley, ami Kanvjurarn-Makiu Area, Wivuiiolau. Genhyry ,,f Thayt tni\ o \ud udgk- 
bourhoorl, including Padatikbm. Bitumen in llombu Id.md/ 

Part 2 . — Mineral Production of Jiulia during 1921. froi. Ui\h of .Snighbluim and Ou^.i. tic o- 
logieal Results of Mount Imprest Koroim ii*»n.uire E^pi JiR.iu N'oitiuin Mvlviehm oJ 
Wolfram-bearing Zone in Burma. Mireolbinfoos Xot« . 

Part3 . — Obituary : Rupert William Palmer Indian Tiituty G-.^inpodi. lV-Otnidie, 
Itarpidce. Marginollida*, Volutida* and Mmida*, with < oiupninlno «j i,<l ^iho, of new -.p» uc . 
Structure of Cuticle in Glosunplcns august ifolm Brongn. llevi-ieu ,y, „,nio losaJ Bruno 
morpb Barnacles from India mid the Ki.st. Indian Are! up* laro. I 'out m hut hue. 1 * tho Geo- 
logy of tho Province of Yunnan m Western Climi: 7 — llenm/n: -m*e X'nveys between 
Shunning Fu, (Jhmgtunc Tim* and Tali Fu. S.-- Ti.ivenv down ^ mig-i/c-ch'inni; V.dle\ 
from Clun-ehajng-k.il to T1 ui-Ji-CIiou. Boulder Beds !•< i,c .it 1, l t;,t U t ^/,de, Ti irhmopoly 
District. Miscellaneous Note*” 

Purl 4. — Geologv of Western Jaipur. Geological Tiaxcmis fi n > \s-,.un l.i M\Uk\ m i, tluoiigh 
llukong Valley; AI vithyma to Not them Pidau , and Myi'l \ ma to Chinese Front ici. OJi- 
goecne Fchuioidoa collected by Rno Bahadur S. Sitliu il uu.i R ui m Bunin Min-ual 
Resources of Kolhapur State. Kunghk \ and Mounuiklaug lion Oie Depoi.ri.i, Nutlhein 
Shan State's, Burma. 

Vol. IiV, I O'M 2-1 

Pint f. — fJenei.il Report for 1922. ltidi m Terliarv G,ed' opnda, No. '», l udi!a\ Ti , |.im Ihd.e, 
Chrysoclotnulio, Strcptunuiv, Riwmnhr, N.i* via. , < 'elumbelln.e, u-ln ,-hoii , lit -no-," ,>l 
new species. Gcologual Interpn In lion. (f Mime Itinnt Credit i*- ln,c in-o'ioui (l eun' a 
second Appendix to tho Muinou en the striutim of the IhiiiiLn ia and oi ti c (, , 

I'lam as elucidated by •eodctie UUri\ al-oiei m Ijid'.i). 

Part 2 . — Obituary: Ernest (Watson) V*c,deid, u g. I o *.d Mo'lusi lit-iu 0.1 M< i,u,> ;,,f li^m 
Hills, Tcna*?, scrim. Armouied Dinosaur from Limetl.i I >d, oi .)iililiid|>ttie l’o,,-d fotnr* 
nfPWuna. Phylogcnv of.-omo Tiiibrncllidie. I!i « i at 1-all*. <d Aesoiil, u India G.olo'V 
of part of KIiom and .J.aintia lid is, Av-ain. 

Part Mineral Production of India dm mg 1922 I igu'Li ('■>.d-field; m hmviui lonnution 
«f Kashmir Valley . Basie and Ullifl Base Met iK i . of Un Cku noi-I* if, e , n< s m 1 in ('< rdml 
Piownee,. (dun i (da v of JvaraigJ, Khii'i'ip'.ii , Bu>'.>uni Di tto*; 

Pml t.~ Obituaiv: Henry Hubert J I iyd« n (id r li>d( ot j«,. ion \mi«i <, idlin', ,, with a 

Skrtihof (h ology of ’Nvndda/Ui hood Piow-Mmal It t ol I'aiao/.on and Mo-o/o . j. 
eollivleil by Dr Bim-ji jn Yunnan l'.iH .t tin* i Miln m jv I . .tj * ,uf m i 

on 20tli May 1921. M'mvII.uk.hih Nok 

Vol IA I. 1 92 i-2.'> 

t y art /.-- Ci m r il Repiu t, for H»2.‘l. Mines til ]»epu it i of Butina, 

P’lit „* - Mineral Pj >du lion of India doting I92.‘t Soda to'.ks of Rajput. n,,i 

Part d. (t’yroht,* and Okemti fiom liombc.y. I’r hual- r I'V li 'iuiii oil n.i i-m,-, -.| |) ;nwM 
Kill-. FoshiI Ampulhiriid fimn Pooneh, Ki-hnui. (*ih it-mts .M i I •> !oii..tn<, io Tuplo- 
poiellej f L) isyclAdafleO') from T» itimy of fjidi.i FioHi dion of 1 n 1,, u ( ,.,J , Sub- 
iiiaMrio Mud F.rupho«s oil Arak.m Coast, Buioia Cn itu • mi*. I'o ,1 iiom Af'diint.d in 
mid Khoia.--ari. 

Part 4. — Mcrua Meteorite. Sttgodnn (k.iiesu in Outer Smahks ol Jainnm. l.and and Im 

water Fossil Molluscs from Karcnvas of Kashnu . P.itn^eoe J.o'mtia ftom Tx utiina, l,a hio 
and Pauk. Mauryi*ur Salt Works, 

Vol. LVH, 1925. 

Quinfjuonnial Review of Mineral Production of India for 1919-1922. Pi me 5 Ra. 10 An. 

Vol. LVfn, 1925-20. 

Putt 1 . — General Report for 1921. Fossil Trnn m Paiiehot Soiiei of Lnwoi* GoudwaiiaH imu r 
Asansol, with Paloionto’ogieal Dosenjition. 

Pml 2 . — Obituary : Francis William Walker. Poivjibihlma of iind’iig <om mind coal- hold at a 
workable depth in Bombay Presidency. Buh.iUu; v, poea.tiated by ih*up lmrt*ig l'or 
coal at Bl.iisawal, Bombay Prcaidoruy. 

Part 3 . — Mineial Production ol India dining 1921. Kiist-ilil »- Augife Series ot Pyroxenes. 
Constitution oi the Glauconite and Coladomto. P.ilagontto hc-nng D-dorito Irani Nagpur. 

Part Ftissils CretacGa do l’Afghanml an. Fo-alna du iv.uhnur cl dcs Pamirs. Additions 
and Corrections to Vrodonburg’s Clasajh nation .if tl.o (*\ pr.-i-td., . Putrol.tpy of RocKk from 
(lirn.ir and Oslwm Hills, Ivatiuawar, India. 

Vol.. IJ.V, 1929. 

Part 1 . — General Report, for 1925. Fortiniimfera of jsi cts uf Wueiein India 

Part 2. — Sampling Operations in Pouch Valley Coal-field. Composition of some Indian Carnots. 
Geology of Andaman and Nicobar Islands, with apodal reforoTico to Middle Andaman Island! 
Occurrence of Cryptohalite. Romurks on Carter’s Genus ConuLttos. 
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Pari 3 — Mineral Production of India during 1925. Metamorphic Rocks and intrusive Granite 
of Ohhota TJdopur State. Indian Species of Conoclypeus. 

Part 4.— Low. Phosphorus Coking Coal in Giridih Coal-Field. Distribution of Gault in India. 
Ago of so-called Danmn Fauna trom Tibet. Bauxite on Korlapat Hill, Kalahandi State, 
Bihar ami Omm. 

Vni.. LX, 1927-28. 

Pari 1 -Cornual Report for 1920. Six Rouout Indian ASrobles. 

Pari 2.~G.vi J’wuption on Raimi Island, off A mean Coast of Burma, in July, 1926. Oil lndi- 
(-aliens at Hugh Row! moi Karachi. Lower Canine of Totraconodon. Goology of 
Bundi State, Rajpulnna 

Pari 3 'Ij noriil l*io< I nation of India during 1926. Geological Traverse in Yunaslin Valley. 
Amb, ala Boring of 1926 27. Indian Urnonidas. 

Part 4 Relationship botwoon Specific Gravity and Ash Contents of Coals of Korea and Bokaro : 
Coals as Colloid »Svsl«>ms. Contact of Basalt with coal-seam in the Isle of Skyo, Scotland : 
Com pm ison with lndnn examples. Barukur- Ironstone Boundary near Bogunia, Raniganj 
Coal-Field. Kaluga nj-Panehot. Boundary near Asansol, Raniganj Coal-Fiold. Pormo- 
( '.iibomfeious Marine Fauna from llmaiia Coal-liold. Goology of U maria Coal-held, Kewuli 
Slate, Central India. Composition and Nomenclature of Chlorophscite and Palagonito, 
and on Chlorojihaite Series. Miscellaneous Notes. 

Vol. LX I, 1928-29. 

Pail 7.-- Genoiul Report toi 1927. Aitionodon risineusiH m Lower Gond wanna of Vibi district, 
Kashmir. Miscellaneous Koto : Further Nolo on Nomenclature of Hollandite. 

Pint 2. — Contribution to Goology of Punjab Salt Range. Iron Oro Deposits of Northern Shan 
States. Lower Canine of Indian Sjkjcios of Conohyus. Miscellaneous Note : Loueopy- 
rito from Kodarma. 

Pint 3.- Mineinl Production of India during 1927. Note on looking Tests with Gondwana 
Coals Zinc-Spmol from Southern India. New Indian Motoouto : Lua Fall. Miscella- 
neous Note : Lolhngilo fiom liazanbagh District. 

Pad 7.— Emilies of the Punjab. Cretaceous Dinosaurs of Trichinopoly District, aid Rocks 
associated with thorn. Orbitolma; fiom Tibet. Joya Mair Dome Fold, near Clukwal, 
Jliulum Diitrict, Punjab. Ocauicnee of Allophano at Tikak, Assam. Miscellaneous 
Note : Aust ralian Npoeios ol Genus (Jtsarha . 

Voi.. LXH, 1929-30. 

Pmt 7.-- General Report for 1928. Miscellaneous Note: New Chromite Localities. 

Pad 2. - ( )bitu.u v : Siv.a.m Sothu Rama Knu. Xpoeiiic Gravity and Proximate Composition oi 
Indian Vitr.uns New Devonian Fossils from Burma. Rangoon Earthquakes of Septem- 
ber and December 1927. Epioontre of North-West Himalayan Earthquake of 1st February 
1929. Miscellaneous Notes: Indian Beryl, Atacamito in Bihar and Pyomoiphito m 
Bh.igalpur district, Bihar. 

Part 3 — Mineral Production of India duung 1928 Granophyriu Trachito Rom S.ilsetto Island, 
Bombay. Coal Rosouicos of .Jhuria Coalliold. Goal lost by Fm.3 and Collapses in Indian 
Coal Minos. 

Pad i. — \ge of Aravalli Range. Lake’s Rule for Anglo ot Over’ hrust, as applied to Himalayas. 
Permo-Carboniferous Succession n Wureha V.dloy, Western Sa^. Range, Punjab. Naolo 
(Hyderabad) Meteoric Shower of 29th September 1928. Miscellaneous Notes: Boring 
for water at Daryap.ir and Posad Eggs at Yonangyaung. 

. Vor.. LX11I, 19L'’ 

Pari 1 . — Gonoral Report for 1929. Upper Ti lassie Fossils from Burmo-Siamese Frontier.- - 
Tliaungym Trias ami Description ot Corals. Upper Triassic Fossils from Burmo-Siamosu 
Frontier. — Brachiopoda and Lamollibranchui fiom Thaungyin Kivor. Upper Tr limit: 
Fossils from Burmo-Xinmoso Frontier. — Fossils from Kamawkala Limestone. Uppor 
Triassio Fossils from Burmo-Siamese Frontier. — Now' Dasycladacea, HolonporrUa riamenain 
nov. gen., nov sp., with Description of Allied Genus Aciculella Pia. Cretaceous Cephalo- 
poda m 4 Red Bods ’ of Kulaw, Southern Shan States, Burma. 

Pari 2 . — Methods of Analysis of Coal used at Government, Test House, Aliporo, Calcutta, with 
an Editorial Introduction. New fossil localities within Paueliot serios of Raniganj Coai- 
tiold. Species of Cyllcnr from Pegu Beds of Burma. Two new species of Unto. Glaciers 
of Karakoram an<i Neighbourhood. Miscellaneous Note : Dome near Mari in Attock 
District. 

Pari 3 . — Mineral Production of India dining 1929. On the Specific Gravity and Proximate 
Composition of some Indian Durams. 

Part 4. — Aspects of Modem Oil Field Practice. Undoscribed freshwater Molluscs from various 
parts of India and Burma. Second noto on North-West Himalayan Earthquake of 1st 
February, 1929. Miscellaneous Notes : Tromolite from near Jasidib, Bihar, Sapphirine in 
Vizagapatam District and Titaniferous Augite from Chandra wati, Sirobi State, Raj pu tana. 
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Vol. LXIV, 1930. 

Quinquonnial Review of Mineral Production of India for 1924.1928. Price 9 Rs. 0 As. 

Vol. LXV, 1931.32. 

Part 1 . — General Report for 1930. Additional Koto mi Sumoliu Meteorite. Zoning and 
Diflorence in Composition of Twiimod Flagioclttso Felspars m tin tain rocks from Sitohi 
Stale, Rajputnna. Albite Ala B Twinning of Plagiorlaso Felspar* in cm tain audio rooks 
from Nirohi State, Rajputaua. Jurassic Fossils from Nouhern Slum Stutis. 

Part 2.— Syntaxia of Nort!i*\Vcst Himalayas : Its Rocks, Tectonics and Oiogeny. V roll mi nary 
Note on Pegu Earthquake of May 5th, 1930. Deteimim.tion from Woild Records ot 
Zero-time and Epicentre of l’cgu Earthquake of May 5lli, 1930. Long Ditdarir-o Wave 
Speeds of Ptgu Earthqnako of May 5th, 1930. Rocks boating Kyanito anil Sidimnrnto 
in Bhandara District, C. P. Stratigraphy of Vpper Ramkot Senes (Lower Eocene) of Sind. 
India. Miscellaneous Note : Fuchsito Vaso from Mohenjo Duro (Sind). 

Part 3.— Mineral Production of India during 1939. Geology and Lend .ora Deposits of Mawson, 
Federated Shan Staton. Weathering of Vmdhvan Building Slime. MailanO# from 
Ordovician of Burma. Miscellaneous Notos : Supplementary noli* on “ Revisions ol 
Indian Fossil Plante, Part II ComforaJes {b. Petrifactions), 1931 ” and Eruption of Mud 
Volcano of! Arakan Coast. 

Pari 4 . — Reaction Minerals in Ganit,L-Cordioritc-Gneifis from Mogok. \ nidliyaiiH of western 
Rajputuna. Granitic Intrusions m Ranchi and SmgJihhmn Districts. MiMollaneoiis 
Notos: Chottiilcs in Krol Limestone; Groon Mica from Bhandara DihI rut ; and Oil v ino- 
liasalt and Tufts in Malum Series at Jodhpur. 

Vol. LXV I, 1932-33. 

Part I.— General Report for 1931. Rudistio from Eastern Persia. 

Part 2. — Low’or Palaeozoic Fossils from the Southern Shan States. Geology of Nungu Put but 
(Mt. Diumir) and adjoining portions of Galas, Gilgit District, Kashmir. Fossil Plants from 
Pursora Stage, Rewa. Swa Earthquake of August 8th, 1929. (horhip in the Area, 

Minbu District. Miscellaneous Note: Ammonite from Ramil Island. 

Part 3. — Mineral Production of India during 1931. Microscopic Study of some Indian Coals. 
Specific Gravity and Porosity of Indian Building Stones. Indian Soismologn al Records 
of Chief Shocks m N.E. Fr on tior Region of Burma during 1929 and 1930. Glacier in 
Arwa Valley, GarhwaJ. 

Part 4.— Stratigraphic significance of Fusuhnids of Lower Product un Limestone of Salt Range. 
Dadoxylon Zalesskyi, a new Sjiocics of Cordaitean trees fiom Lower Gondwanus id India. 
Fossil Pcntalocul.ir Fruit lrom Pondicherry. Kalavn (Calwa) ‘ Midi ’ in Kurnool Dial nr t,. 
Tnlc-Scrpentme-Chlorito Rocks of Southern Mower and Dungarpur. Age of certain 
Himalayan Granites. Tables of Production, Imports, Exports and Consiunplion ol 
Minerals and Metals in India. 

Vol. LX VI I, 1933 34. 

Part /. — General Report for 1932. Antbracolithie Faunas of Southern .Slum States. 

Part 2.- -Geological Reconnaissance in Southern Shan States. Geology of the country between 
Kalaw and Tiuinggvi^outhern Shan States. 

Part 3 . — Muieiul Production of India during 1932. Ocologital Notts on Tr.avert.eH in Tibet 
mado by Sir Henry Hayden in 1922. Origin of Stroukv GnoiHwea of Nagpur District. 

Part 4 . — Geology of the Krol Belt. Crush Conglomerates of Dharwar Age from Chota Nagpur 
and Jubbulporo. • 

Vol. LXViri, 1934-35. 

Part 1 . — General Report for 1033. Obituary : MoJlmn Vinuyak Kao, Khanpur Meteoric 
Sliowor. Cambrian Sequence of Punjab Salt Ratigo. 

Part 2. — Curabnan-Trias Sequence of Noitli Western Kashmir (Parts of MuzulTurabnd ami 
Baramula Districts). Preliminary account of Eaithquake of 15th January, 1931, in Bihar 
and Nopal. Obituary: Pramatha Nath Bosa. Mim ollaneoua Notes : Barytes in Manbhum 
District, Bihar ; Soda Deposit and Manufacture ot Caustic Soda anti Crude Soap at Paran- 
fcij, Ahmodabad District ; Potash content of He*hta, Sambhur Salt Luke, Rnjputana ; 
Alunogon from Cuddapah District ; and Quarterly Statist its of Pioduttion of Coal, Gold* 
und Petroleum in India : January to March. 1934. 

Part 3, —Mineral Production of India during 1933. Manganese-Lime Senes of Gurnets Che- 
mical Composition of Deccan Trap Flows of Linga, Clihindwara District, Central Pro- 
vinces. Miscellaneous Note : Quarterly Statistics of Production of Coal, Gold and Petro- 
leum in IuJia; April to June, 1934. 

Part 4.— Soils of India. Lateritisation of Khondalito. Snout of Biafo Glacior in Bultistan. 
Turoziian Ammonite {Mawmites Davies i) from Ramri Island, Buraia. Mi«r elkneous Notes i 
Quarterly Statistics of Production of Coal, Gold and Petroleum in India : July to Septem- 
ber, 1934 ; Tertiary Rocks near Puri ; and Cretaceous and.Eocene Volcanic Rocks of the 
Great Himalaya Range in North Kashmir. 
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Vol. LXIX. 1935-36. 

hut J.~ Genoa! Report for 1931. Primitive Fossils, possibly Atrematous and Neotrematoufc 
Prachiojoda, tuun Dm Vindhyans nl India. Miscellaneous Notes • Quarterly Statistics 
of Piudml on »■! Coni. <3 Id and j’ctmlciim ill Tndia • Octolur to December, 1934, and 
Additional Noin mi Noun in • ituro ol Hull indite. 

Pail in 1 1 utifd.iA •> dd'dnur Plan l a flow M'dpura Gondu.nia Basin, lthizo- 

rn/'j" 1 * n.flriM and ■"/'» find Jh fyojftialu m lYiMim-moJ Splui losidcntc, lonlaming 

n aim S| (.n., <J Jhtih>jyl,»f <J> from Low-' (.mud warm Coal Men sums of 

liuiii Bail liqml i s imoidrd l>\ the Pendulum Seismograph at Shillong (Assam) fioin 
i'.ioy to 1931. Pn luMji.ai ) Ccohgual Report on Balm hustlin' (Quetta) Fuithquako of 
AGi v .3 1st, I93.*«. IJaiiumis Notes- Quarterly .Statistics of Pi eduction of Coal, Gold 

.i r :d I Vi rolui.m in Indu • January In MhmJi, 1935 and Gypsum m Upper VimlJiyans of 

Kaipiiiall.t 

Pail J -- Minna j Pmdiution of India timing 1934. India’s Coal Resources. (Being a 
idle on (lie icairvos a vmlahlc m India of good quality coal including coking coal.) 
Be-adla or Low-Temporal uro G,u JioiWMt.um of some Lower Gondwana Indian Coals. 
Aft id ion l> sis on Mon' s used as lto.ul-Mf ul jo India. Ohiluniy : James Malcolm Mar- 
la run M iic( II. i noon- .Sole : Quartoily Statist n s of Production of Goui, Gold, and Potrn- 
lourri in liuln: \ pi il to.luuc, 1935. 

Pm/ /. Bin han.iifs I. d* i:to ot Malabar md Kamua. Solid ilitv ut Quart/. Natural Gas at 
( ogha, Latin. iu n. Pdivai Mule. mi .‘liiii(i>f of tfio ?9th .Inly, 1935. Fvrmoua 
■minima ■ \ »li*\ isod Cl.is^ilie.iti'i!, ot Giganc- Remains from \ indiivnns of India. Oio 
minerals limn B.iwdv, in, Slian Slaton. jMcacIUimous Note: Quarterly Statiatiis of 
Pi oduct ion ol ( o’ 1, Gold and Polroleum ui India . July v> September, 1935. 

Von. LAN, 1930. 

Qninqmuim.il Review of Mineral Production of India for 1929-1933. Pi ice 0 Its. 4 As. 

Vol. 71, PJ39-37. 

hut 1. G'W'mI Report fur P»35. J)\ko Kooks ot Koonjfiar Slftto, Bihar and Orissa. Miscel- 
laneous Note (.Mritiily SiaGstics of Production oi Goal, Gold and Petroleum in 
India. iMohoi In Di'm'ibm, 193 . j. 

Pari 'l Pirpei i Mmcoih Mums i of J It li .Mav, 1935. Tu upati and Bahjoi Meteorites Utthta 
( i V>i.‘ tty .9 1 t) ij-tjr flail) in ar R nipsii.i. Mayor hhani State. Mtitb»vlium and Wuch'-tuu 
m India ( 'i* ^ Cmdialoj od, j fiom Bid Urdu of linlaw and Ago < t Bed Beds. Cun- 

u dull ion - 1" Hu* (5'i'lo,’\ of I lio Pn>\ino< of Yumim in Wc-Jein China : 9- -BtmJuopod 
Kiuh of Liu run and old'-d foimat im>, *n Shan Sides and iiulo-Cliina. (-« olo m al Age 
of Xa niy.i i Lni-uuu md Xapeii'' BuL and of t.uLun otlm foimut mu*- !i Jmio-Clmia. 
Mi.a’ilh'm oiih Note: Qnirieriv Stat i die of Piodmlion of Coal, Gold and iviioluim in 
Imlu • Jantruy to Mi.m1i. 1930 

l'o,t. -Mmcial Pi'xlmtum ol India don,ig Ph>. Mamie of the NmtJi-Wc-t Pi on tin Pio- 
\ iu< e. Note: Quaiin.v Matist c*. of Piodintimi ut Coal, Gold and l\ho- 

h uni in In.Iia Ajuilto June. 1 

Pu,r l Obitaaiy : J’leluod Bran Oldham G»olc r i r ot S-a mid jVlilc of Irrawaddy Jlivn . 
(/iKitolhiu luojiug rocks mi Burma, with dc'« i union of Orbital nut btt mami'a, sp. nov. 
lioi k s m vnir.ity of Nvank.c, Bui in a Mesozoic conzfcimis wood { Mi 6* mb', uoyloii 
•limnin'* c. ■ p m>\ ) from Suntlurn Shan Mate; Burma. Pmanmnteia tiom Int. r- 
tr.appouu Beds lien Bajnhimmdix H'lu >n<jdfa cf. H. Si>nm »i.s*< Pm, hum Rajah 
ruundry l.vuc lorn . Nialni lud-. id lJxdci.ih.nl Slate {Du-eanl and Tiki [teds o I South 
Ruwa. Structirf ol Umialaxa in G.nliwal Mis< i ll.ip.eous Note.. : Coaly Shale in 
Dote ui Ti m* in lrniori, ( cntial JnJi.i. Oitaludial Pvutc Cnstals from Kohal 
Dist.nct, NmCu UH I'lonnn l'jo-.mii. Qu.ntcilv Stati-li. id J'l'oduetiou of Coal, 
Gold arid !'• In n um in India Ju'v t-* Ncptenilii i, P»3i». 

\ol 7 J, PG7 

Htil l, -thMU ra! liepoit lor J 9 Ml. Note mi ‘cudit-h Pie die it< r and Laud lWd Mollu.sts 
fiomnea' Glioi bond. Alghain tan I'mimoii.tl -tatrlie: of some of the more im- 
portant Imhan Mnn r.d- for 1939 Me eelhim ouf Note : Quarterly Statistics of Pin- 
dilution oi Con), Gold and Petroleum m India’: October to December, 1936. 

Contents and Index to Ronirds, Volf* I-LXV (1939). Trico G Rs. 12 As. 


The price fixed for those publications G 1 rupee o:u h part, or 2 rupees each volumo of four parts, 
the price of oich j/iirt beginmiiK wdh \ oi. LIV is Rs, 2-12-0, or each volumo of four 
partaRs. II and the pnse <a>‘h |*u*« beginning with Vol. 72 is Rs. 3, or each 
volume of four parts R». 12. 
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MISCELLANEOUS PUBLICATIONS. 


A Manual of thu Geology of India. 4 Vote, With map* 1879-1887— , 

Vol. 1. Peninsular Area. / By II. B. Medlicotfc and W. T. Bteofoi 

Vol. 2. Extra Peninsular Area. j 8 rupees (out of print), 

Vol. 3. Economic Geology. By V r . Ball. Price 5 rupees (owl oj print), 

Vol. 4. Mineralogy. By F. R. Mallet. Price 2 rupees (out of print). 

A Mauual of the GooJogy of India, 2nd edition. By ft. ft. Oldham (1893)- Price 8 rt tj 
(out of piint). 

A Manual of Geology oi India, Economic Geology by the late Prof. Y. Ball, 2nd edition, revte 
m parts— 

Part I.— Corundum. By T. H. Holland (1808). Price 1 rupoe (out of print). 

An introduction of tho Chemical and Physical study of Indian Mineral*. By T. H. Holland 
(1895). Price 8 annas (out of print). 

Popular guiJos to the Geological collection m the Iiulmu Museum, Calcutta — 

No. I, Tertiary vertebrate aiumute, By ft. Lydokkor (1879). Prico 2 annas (out of print). 
No. 2. Minerals. By F. ft. Mullet (1870). Prico 2 annas ( out of print). 

No. 3. Meteorite#. By F. Feddon (1880). Price 2 annas. 

No 4. Palccontologie"' collections. By 0. Foistroantel (1881). Prico 2 annas. 

No. 5. Economic minora 1 products. By F. ft. Mallet (1883). Price 2 annas (out of print). 

A descriptive catalogue of tho collet tion nj mineral# in 1 he Goological Museum. By F. ft. Mallst 
(1885). Puce 1 nn«o 8 annus. 

Catalogue ol the remains of tSiwnliL \ ortebiata contained in the Goological Department of the 
Indian Museum. By U. Lydokkor, Pi. I. Mammalia (1885). Prico 1 rupee. Part 11, 
Avos, Roptilui, and Pisces (1888). Pneo 4 annas. 

Catalogue of thu remain# of Pluifllocono and Pre-Hibtonc Vertebra ta contained in the Geological 
Dupurtmont of tho Indian Museum. By ft. Lydekker (1880). Price 4 annas. 

Bibliography ot Indian Geology. By ft. I). Oldham (1888). Price 1 rupeo 8 annas. 
Bibliography of Inman Geology. By T. 11. D. LftTouche- 
Part J-A. Bibliography (1917). Price 4 rupees. 

Part I-B. Index of mme rate of Economic Value (1918). Price 4 iup*es. 

Part I J . index of Localities (1921). Price one rupeo. 

Part III. Index of tSubjccts (1923). Price 4 rupees. 

Pari IV lV.eonlologmvl Index (I92<1). Price 7 rupees. 

Repot t rat tlto geological structure and stability of the hill blopes around Nairn Tul. By T. H« 
Holland (1897). Prico 3 rupees. 

Geological map ol India, 1893. Scale P'^-90 miles. Price 1 rupee ( out of print). 

Geological imp of India, m 8 sheets, 1931. Scale l" -- 32 miles. Price 10 rupoos per set, 
in India, post fr&, or Re. i to Us. 6 pur shout, depending on tho amount oi work on the 
shoot. Prico 18 mpoes or 27 shillings per set, post free, outside India. 

Geological map of T&voy district, Burma, 1919. Scale l'»4 miles. Prico 5 rupees. 

Geological map ol Bihar and Qriasn, 1922. Scale P 10 miles. Price 5 rupees. 

Geological map of Jhuria Coal-field, in 8 sheets, 1929. Scale 4 /!f ~l mile. Price 4 rupees per 
sheet, or 25 rupeos per sot of 8 sheets and 3 plates of bore-hole records. 

Goological map of ftaniganj Coal-field, in 21 shoots, 1930. Scale 4'=* I mile. Price 4 rupees 
per shout, or 05 rupees pur set of 21 shoots and 3 plates of bore-hole rocOids. 

General Report for the period from 1st January' 1897 to 1st April 1898. Price I rupee ( out of 
print). 

Goneral Report for the year 1898-1899. Price 1 rupee (out of print). 

General Report for the year 1899-1900. Pnce 1 rupee. 

General Report for the year 1900- 1901. Pnce 1 rupee. 

General Report for tho year 1901*1902. Price 1 rupee. 

General Report for the year 1902-1003. Pnce 1 rupee. 

Sketch of Mineral Resources of India. By T. H. Holland (1908). Price 1 rupee (out of print). 
•.Contents and Index to Records, Vote. I-LXV (1930). Price 6 rupees 12 annas. 

Contents and Index to Memoirs, Vote. I-LIV (1932). Price 0 rupees 4 annas, 
index to the Genera and Species described in the Palftontoiogia Indies, up to the year 1891 , 
Price 1 rupee. 
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